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I NTRODUC T ION AND L I TB RATURB RI VII W  
OVIRVI I W  OF GINI T IC B NG I NB B R I NG 
The s c i en c e  o f  g e n e t i c  en g i n e er i n g  o r  d i r e c t  gen e t i c  
man i p u l a t i o n  r e q u i red t he av a i l ab i l i t y  o f  fo u r  b as i c  
p r o c e du r e s . The s e  p r o c e du r e s  are : i )  a w a y  t o  cut and 
j o i n D N A mo l e c u l e s , i i )  a c a r r i e r  or v e c t o r  fo r genes t ha t  
c an r e p l i c a t e  b o t h  i t s e l f  an d t h e fo r e i gn D NA i t  harb o r s , 
i i i )  a way o f  g a i n i n g entran ce fo r t h i s  c a r r i e r  an d i t s 
f o r e i gn D NA i n t o  a ho s t  c e l l , and i v )  a way o f  s e l e c t i n g  the 
c e l l s wh i ch had r e c e i v e d  t he c h i me r a  D N A from amo n g  a l a rge 
c e l l p o pu l a t i on wh i ch had n o t . 
A maj o r  b r e ak t h r o ugh i n  t h e f i r s t  p ro c e du r e  · was 
made in 1 97 0  w i t h t he d i s c o v e r y  o f  a gen e c ut t i n g enzyme 
{ H i n d l l )  fr om H���Q��!!Y! !nf!y�g�� s e r o t yp e  d .  T h i s  was 
t he f i r s t  of •an y c l as s  II re s t r i c t i o n e n d o n uc l e a s e& t h a t  
w e r e  s ub s e qu e n t l y dis c o v e r e d  ( 5 0 ) . Th e  ���Q�h!!Y� en z yme was 
f i r s t fo u n d  and d e s c r i b e d by Smith�!�! ( 7 8, 4 6 ) . C l as s I I  
e n z ym e s  d i ffe r f r om t he p r ev i o us l y  r e p o r t e d C la s s I e n z ymes 
des c r i b ed by M e s e l s on an d Yuan ( 5 2 ) and L i n n an d Arb e r  
{ 4 7 ) . B o t h  c l as s  I and t h e c l as s  I I  e n z ymes r e c o gn i z e  a 
s p e c i f i c  nuc l e o t i de s e quen c e  on D NA b u t  C l as s  I en z ymes cut 
a t  s i t e s  d i ff e r e n t from t he s i t e  us e� fo r r e c o g n i t i o n . 
C l as s  I I  enzyme s , on t he o t h e r  h an d , i n c l ud i n g  B am H I , K P N I , 
and H i n d i ii c u t  on l y  a t  t he nucle o t i d e  s e q ue n c e  o r i g i n a l l y  
r e c o gn i z e d . F r a gm e n t s  r e s u l t i n g  fr om C l as s  I I  r e s t r i c t i on 
2 
e n z ym e s  when s ep a r a t e d b y  ag a r o s e  ge l e l e c t r o p ho res i s  ( 7 2 )  
c an b e  v i s u a l i z e d  and t he r e f o r e  r e c ov e r e d , b y  s t a i n i n g  t he 
ge l w i t h  e t h i d i um b r om i de and v i ewin g t he s t a i n e d D N A  b a nd s 
u n d e r  u l t r a- v i o l e t i r r a d i at i on . 
P r e v i ous l y  ( 1 9 6 7 ) D NA l i gas e s  had b e e n  d i s c o v e red 
s i mu l t an e ous l y  b y  s ev e r a l  i n de p e n d e n t  groups 
( 3 2 , 84 , 5 7 , 3 1 , 2 3 ) . This  made i t  p o s s i b l e  to  c o v a l e n t l y  j o i n 
t o get h e r  D NA s t rands hav i n g  e i t he r  c om p l em e n t a r y  ends ( 6 8 )  
-
o r  wi t h  T - 4  l i ga s e, b l un t e n ds ( 6 8 ) . 
The r o l e  o f  R f ac t o r  p l as m i d  D N A  i n  t h e  an t i b i o t i c  
res i s t a n c e  o f  � � £ h�r!£h!� £Q!! p r omp t e d a n  i n t e n s i v e s t udy 
of t h i s  a n d  o t he r  p l as m i ds ( 5 3 , 5 5 , 2 2 , 7 4 , 7 3 )  d u r i n g  
t he 1 96 0 s  an d e a r l y  1 9 7 0 s . The d i s c ov e ry b y  C oh e n  ( 2 0 ) , t hat 
fo r e i gn D NA c o u l d  b e  i n s e r t e d i n t o  a s i n g l e  r e s t r i c t i o n s i t e 
( E c o R I ) l o c a t e d  on a p l as m i d  ( p S C l O l ) and t h e  r e c omb i n an t 
D NA p r o p a g a t e d  s uc c es s fu l l y i n  � �  £ Q ! ! , l e a d  q u i c k l y  t o  
t he de v e l opme n t o f  s p e c i a l i z ed p l as m i d  v e c t o r s  f o r  t h e 
c l o n i n g  o f  D NA . Many o f  t he s e  dev e l op e d  v e c t o r s  s uch as pMB 9 
a n d  p 8 R3 2 2  a r e  de r i v a t i v es o f  t h e p l as m i d  C o l E l ( 4 0, 63, 1 1 ) , 
a r e  p r e s e n t  a t  3 0 - 5 0  c o p i e s p e r  c e l l  u n d e r  n o rm a l  growth 
c o n d i t i o n s , and can b e  amp l i f i e d  to  g r e a t e r  copy numb e r s  
w i t h ch l o r amphen i c o l . 
T r an s fo rmat i on was t he p r o c e s s e x p l o i t e d  fo r ho s t  
up t ak e  o f  r e c omb i n an t D NA . F o r  an o v e r v i ew o f  m i c r ob i a l  
t ra n s f o rm a t i o n t he r e ad e r  i s  r e fe r e d  t o  o t he r  r ev i ews 
( 49, 2 4 , 3 9 ) . One of t he f i r s t  de v e l o pm e n t s  in  t r ans fo rm a t i o n 
r e l a t i n g  d i r e c t l y t o  gen e t i c  e n g i n ee r i n g  was t h e d i s c o v e r y  
o f  M o r t on , M an d e l  an d R i ga ( 49 ) . They f o u n d  t h a t  t r eat men t 
o f  � �  £2 ! ! w i t h c a l c i um s a l t s  e n ab l ed t he b ac t e r i um t o  t ak e  
u p  v i r a l  D NA . C ohen an d cowo r k e r s  s ub s e qu e n t l y  f oun d t h a t  
3 
� �  £Q!i t r e a t e d  w i t h  c a l c i um ch l o r i de wou l d  t ak e  up pu r i f i e d 
R f a c t o r  D NA a n d  t r an s f o rman t e  c a r r y i n g t h i s  p l a s m i d  c ou l d  
b e  s e l e c t e d b y  g r ow t h  o n  s u i t ab l e an t i b i o t i c  c o n t a i n i n g 
m e d i a  ( 2 1 ) . 
-
S i n c e  t he b e g i n n i n g ,  gene en g i n e e r i n g  h a s  r e l i e d 
ma i n l y  o n  t he b ac t e r i um � �  £Q!i as t he h o s t f o r  r e c e i v i n g  
a n d  m a i n t a i n i n g  c h i me r i c  D N A  mo l e cu l e s . T he p l a s m i d  p 8 R3 2 2  
has b e en t he m o s t v e r s a t i l e and w i de l y  u s e d  v e c t o r  f o r  
c l o n i n g  doub l e  s t r a n d e d  D N A  i n � �  £Q!i ( 1 1 ) . T h e  s i z e  o f  
p 8 R3 2 2  D NA i s  r e l a t i v e l y  s ma l l ,  4 , 3 6 2  b a s e  p a i r s ( 5 4) . 
Sma l l e r  p l as m i d s l i k e  p B R 3 2 2  a r e  l es s  s u s c e p t i b l e  t o  
phys i c a l  d am a ge , have fewer m u l t i p l e  r e s t r i c t i o n s i t es ,  and 
gen e r a l l y  p r o du�e h i gh e r  copy n umb e r s  i n  the ho s t  ( 5 0 ) . The 
p l as m i d  p 8 R 3 2 2  was de r i v e d  f r o m  the R fac t o r  C o l E! an d 
r ep l i c a t e s  un d e r  r e l ax e d  c o n t r o l , t h a t  i s  i t  r ep l i c a t e s  
i n d e p e n d en t l y o f  hos t c h r omos ome re p l i c a t i o n  ( 5 6 )  and c an 
t he r e f o r e  b e  amp l i f i e d .  C h l o r amphen i c o l , an a g e n t wh i c h 
b i n ds t o  t h e _5 0 S  s ub un i t  o f  r i b o s omes a n d  s o  p r e v e n t s  
p r o t e i n  syn t he s i s  ( 5 0 ) , was foun d b y  C l ew e l ( 1 9 )  t o  amp l ify 
( i n c r e a s e )  C o l E! de r i v e d  p l as m i d  copy n umb e r s f r om an 
av e r a g e  o f  24 c o p i e s p e r  c e l l  to 3 , 0 0 0 . P l as m i d  pB R3 2 2  DNA 
ca r r i e s g e n e s  fo r amp i c i l l i n and t e t r ac y c l i n e  r e s i s t a n c e  and 
4 
t he s e  s e r v e  as c o n v e n i e n t  s e l ec t i v e m a r k e r s . 
TRAN S F ORMAT I ON OF �A��HABQM!�I§ �IBI!!�!AI 
A l t h o u gh mos t g e n e  en g i n e e r i n g  h a s  b e en c ar r i ed o u t  
on � �  £ Q ! i ,  i n t e r e s t w a s  gene r a t e d b y  S i n c l a i r  e t  a l . ( 7 6 )  
an d Gue r i n e au e t  a l .  ( 3 6 )  f o r  c l o n i n g  i n  � �££b��Q��£�� 
£�!�Yi ! i�� f r om r e p o r t s  by t hes e i n v e s t i g a t o r s  of yeas t 
� i r c u l a r  p l as m i d  DNA mo l ecu l e s w i t h a 2 um c o n t o u r  l en g t h  
( 7 6 , 3 6 ) . The s e  2 um c i r c l�s hav e t he s ame d e n s i t y a s  y e a s t 
nuc l e a r  D NA ( 7 6 , 3 6 ) , an d a r e  usua l l y  p r e s e n t i n  c o p y  
n umb e r s  o f  f r om 5 0  t o  10 0 mo l e c u l e s p e r  c e l l .  They comp r i s e  
a p p r ox i ma t e l y  4� o f  t he t o t a l  y e a s t D NA ( 1 5 )  a n d  co n t a i n 
an e s t i ma t e d 6 , 0 0 0 t o  7 , 0 0 0  nuc l e o t i d e b as e  p a i r s ( 3 } .  The 
2 um D NA a l s o  r e f e r ed t o  as S C p l i s  n o t  n uc l e a r  ( 1 8 )  b u t  
c y t o p l as m i c  ( 48 )  and i s  s e l f  r ep l i c a t i n g  w i t h o n e  o r i g i n  o f  
r ep l i c a t i on ( 6 0 ) . The S C p l  p l asm i d  s t r u c t u r e  h a s  b e en 
s t ud i e d  ex t en s i v e l y  and des c r i b e d  i n  d e t a i l ( 4 8 , 4 5, 3 7) . 
H i n n en an d c owo r k e r s  i n  1 9 7 8  demo n s t r a t e d  
t r ans f o rm a t i o n  o f  � � £�r�Y i� i�� w i t h ( 4 2 )  a C o l E l de r i v e d  
p l as m i d  c a r r y i n g  a s e gme n t  o f  D NA f r om t he yeas t chr omos ome 
w i t h t he L E U 2  g e n e . S i n c e  t h en c on s i de r ab l e  e f fo r t  has b een 
put  fo r t h  in  d e v e l o p i n g � � £�! �Y i �i �� i n t o  a mo r e  s u i t ab l e 
hos t fo r D N A c l o n i n g . As a re s u l t  o f  t h i s  wo r k  i t  was 
foun d t ha t  m a n y  yeas t gen e s  i n c l u d i n g  L E U 2, H I S 3 , and URA3 
t r ans f o rm y e a s t in an i n t e g r a t i v e mann e r  and at a l ow 
frequen c y  ( 4 2�4 3 )  wh i l e o t h e r  gen es, f o r  e x amp l e  t h e  t rp l  
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g e n e , t r a n s f o rm yeas t a t  h i ghe r frequen c i es b u t  i n  a n o n -
i n t e gr a t i v e  m an n e r  ( 8 1 ) . The t e rm " i n t e gr a t i v e "  and " n on -
i n t e g r a t i v e t r a n s f o rma t i o n "  me a n s  t h e p l as m i d  a s s o c i a t e d  
gen e d u r i n g  t r an s fo rmat i on e i t h e r  b e c om e s  i n t e g r a t e d  i n t o  
t he y e as t c h romos ome , o r  does  n o t  i n t e g r a t e  b u t  i n s t e ad 
r em a i n s  a s  a n  au t on om ou s l y  r ep l i c a t i n g  m o l e cu l e  ( 4 2 ) . An y 
g e n e , i t  was l a t e r  found , when as s o c i a t ed w i t h  2 um c i r c l e  
D NA gav e a muc h  h i gh e r  t r an s format i o n e f f i c i e n cy t h an was 
ob t a i n e d  w i t ho u t  t he as s o c i a t i o n . P l as m i ds c a r r y i n g  2 um 
c i r c l e  D NA ,  i n  a dd i t i on t o  g i v i n g  h i gh e r  t r a n s f o rm a t i o n 
e f f i c i e n c i e s , e x h i b i t  b o t h  fo rms o f  t ra n s f o rma t i o n and i n  
t he n o n  i n t e gr a t i v e  f o rm t hey hav e a n  a v e ra g e  c opy numb e r  
o f  5 t o  1 0  p l as m i ds pe r yeas t c e l l . T he s e  p l as m i ds a l s o  
r ep l i c a t e  a s  a s t ab l e chromos om al l y  i n t e g r a t e d  s t ru c t u r e  
( 8 1 ) . The p l as m i d  mo l e c u l es YE p - 1 3  and pZ - 1 0 0 0  b o t h  c a r r y  
2 um D NA . T h e  p r e s en c e  o f  2 um D NA i n  t h e  p l a s m i d  has 
imp r o v e d  t he e ff i c i en c y  of what p r e v i o us l y  h a d  b e en po o r  
t ra n s fo rmat i o n  e f f i c i en c y  g e n e s . F o r  e x amp l e , t h e  LE U 2  
gen e f r om y e a s t ch romos ome 3 ( 4 1 ) wh i c h e n c o d es f o r  t he 
b i o s yn t he t i c  e nzyme , B - i s op r o p y l m a l a t e  d e hy d r o ge n as e 
( 6 2 , 4 1 ) ,  an d was f i rs t  c l o n e d  a n d  s e l e c t e d i n � �  £2!! ( 6 2 ) , 
t r an s fo rms t he l eu AH2 2 y e a s t  s tra i n  a t  a f r e q u e n c y  o f  1 . 0  
- 7  
x 1 0  t r an s fo rman t s  p e r  v i ab l e ce l l  ( 4 2 ) . T h e  L E U 2  gene i n  
as s o c i a t i o n w i t h  yeas t 2 um c i r c l e  D NA w a s  l a t e r  s h own t o  b e  
- 4  
t r a n s fo rmed w i t h  th e muc h h i ghe r frequ e n c y  o f  5 x 1 0  t o  3 
- 3  
x 1 0  t r an s f o rman t s  pe r v i ab l e  c e l l ( 7 ) . 
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The l ac o p e r on o f  � �  £Q!i i s  a s e gm e n t o f  D NA on t h e  
c h r om o s ome c on t a i n i n g  t h r e e  g e n e s  de s i gn a t e d  Z ,  Y ,  a n d  A 
Thes e a r e  a d j a c e n t t o  a p r omo t o r and o p e r a t o r  r e g i o n . The Z 
g e n e  s p e c i f i e s t he am i n o  ac i d  s e quen c e  o f  b e t a­
g a l ac t o s i da s e . The Y g e n e  s p e c i f i es t h e  s e qu e n c e  o f  b e t a  
ga l ac t o s i da s e  p e rmeas e ,  an d t he A g e n e  s p e c i f i e s t h e  am i n o  
ac i d  s e que n c e  o f  8 - t h i o g a l ac t o s i das e a c e t y l t r a n s feras e . An 
I g e n e , a l t h ough not p a r-t of the lac o p e r o n  co n t r o l s  it b y  
fun c t i o n i n g  a s  a rep r e s s o r gene . The I g e n e  i s  t r ans c r i b e d  
a n d  t r an s l a t ed i n t o a r e p r e s s or p r o t e i n . T h i s  r e p r e s s o r  
b i n d s  t o  t h e  o p e r a t o r  r e g i on j us t  down s t r e am f r om t he 
p r omo t o r  p r e v en t i n g  t r an s c r i p t i o n o f  t he Z ,  Y ,  an d A gen e s . 
The i n du c e r  l ac t o s e  ( ac t ua l l y  a l l o l a c t o s e )  i f  p r e s e n t  
c omb i n e s  w i t h t he r e p r e s s o r  a t  a s e p ar a t e  s i t e, chan g i n g  t h e 
c o n f i g ur a t i o n o f  t he rep res s o r  s o  t h a t  i t  c an n o  l o n g e r  b i n d  
t o  t he o p e r a t o r . Th i s  p e rm i t s  t r an s c r i p t i on ( i n i t i a t e d a t  
t he p r omo t o r  s i t e )  a n d  s ub s eque n t  t r an s l a t i o n o f  t h e Z, Y 
and A g e n e s . 
I n t e r e s t i n  t h e  � �  £Q!! l a c op e r on f o r  c l o n i n g  i n  
yeas t w a s  qu i t e n a t u r a l  owi n g  t o  t he p r e v i o u s l y  w i d e s p read 
us e of  l a c5 ( g �  £2!! p r omo t o r , o p e r a t o r, and Z g e n e ) as  a 
gen e r a l  i n d i c a t o r  o f  t r ans format i on s u c c e s s  i n � �  �Q!i (9). 
The l ac 5  s e gme n t  p r o d uces b e t a- ga l a c t o s i d a s e  
con s t i t u i t i v e l y  i n  I � �  £ Q!! wh i c h i n  t h e  p r e s e n c e  o f  t h e  
chrom o g e n i c  s ub s t r at e ,  5 - ch l o r o-4-b r om o- 3 - i n do l y l - B - D -
ga l a c t o s i de , ( XG ) , fo rms v i v i d  b l ue c o l o n i e s on aga r . 
I n s e r t i o n s  o f  f o r e i gn DNA i n t o  l ac5 s t o p p r o du c t i on o f  
b e t a- g a l ac t o s i da s e  and t he r e f o r e  i n d i c a t e  t ha t  i n s e r t i o n o f  
fo r e i gn DNA has t ak e n  p l ac e . 
L a c  o p e r on s  a r e  c u r r e n t l y b e i n g  u s e d  t o  f u r t h e r  
mod i fy C o l E l  de r i ved p l as m i ds c a r r y i n g  t he 2 um c i r c l e D NA 
( 3 4 ) . R e c en t l y t he i n s e r t i on o f  an � �  £Q!i l ac Z gene and 
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K! YXY � r Q �X£�� ! �£!!� LAC 4  gene i n t o  p l as m i ds i n t e n de d  f o r  §� 
2� r � Yi ! ! �� t r ans format i o n h a v e  b e en d e s c r i b e d  ( 5 9 , 2 9 ) . 
P u r p o s e s  o f  t h i s  s t udy we r e  t o  ob t a i n  s uf f i c i en t  
l amb d a  l acS D N A fo r p l as m i d  i n s e r t i o n . T h i s  r e c omb i n an t 
p l asm i d was t hen t o  b e  us ed f o r  t r ans fo rm a t i on of H� QQ!i 
and � � £ � r �Y i � ! �� · T he u l t i ma t e  goa l was t o  ob t a i n  l a c t o s e  
f e rmen t i n g  s t r a i n s o f  � � £�r � Y ! ! ! �� · 
MATER I ALS AND ME THO D S  
M i c r ob i a l  s t r a i n s  a n d  p l asm i ds us e d  i n  t h i s  s t ud y  
a r e  d e s c r ib e d i n  T ab l es 1 an d 2 r e s p e c t i v e l y . 
The g�£h��i£h!� £2!! b ac t e r i o p h a g e  h o s t Y-m e l  ( s e e  
Tab l e  1 )  w a s  g r own i n  NZ YD T me d i um c on t a i n i n g  p e r  l i t e r :  5 g  
NaC l , 2 g  M gC l . 7 H  0, 1 0  g " NZ am i n e  A"  ( t yp e  A h y d r o l ys a t e  
2 2 
of c as e i n  f r om Hum- Ko- S heffi e l d  d i v i s i o n of K r a f t co C o rp. , 
We s t  L ynnhu r s t ,  N . J .  0 7 0 7 1 ) , 5 g yeas t e x t r ac t  ( D i fc o ) ,  0 . 0 4 g  
t hym i d i n e  ( S i gm a ) ,  O . O l g  d i am i n o  p i me l i c ac i d  ( Si gm a ) ,  an d 
when t he med i um was us e d  t o  mak e p l a t e s o r  s l an t s 2 0  g o f  
T AB L E  1 .  S t r a i n s u s e d  i n  t h i s  s t u d y  
S t r a i n  
I.:. £2!! K 8 0 2  
ATCC n o . 3 3 5 2 6  
R� £2!! Yme 1  
R� £2!! C S H 1 8  
R� £2!! L G 9 0  
ATC C n o . 3 3 8 5 8 
R� £2!! MC 1 0 6 6 
R� £Q!! H B 1 0 1  
G enot y p e  
ga l K 2 , ga l T 2 2 , me t B l ,  
l acY! ,  s up E 44 , h s dR 2  
+ 
p r o , s u 1 1 1 , F 
A ( l a c p r o ) , s up E , t h i , 
( F '  l acZ p r o ) A+ B +  
-
F , A ( l a c p r o  X I I I )  
l eu8 6 A ( l ac i  POZ Y ) X7 4  
t rpC 9 8 3 0  pyr F : : Tn 5  
( Km r ) s t r A 
F , l e u8 6 , p r oA 2 , 
r e cA 1 3 , t h i - 1 , ara- 1 4 ,  
1 acY l , ga l K2 , x y l - 5 , 
mt l - 1 , rp s L 2 0 , *- , 
s upE44 (hs dS 2 0]r- , 
m- . 
a ,  l eu 2 - 3 , l eu 2 - 1 1 2 , 
h i s4-5 1 9 , k an l  
l e u2 , ura3 , h i s , kan 
L amb da b ac t e r i op hage l ac5 K H l O O  B W l  n i n 5  
C l 85 7 S 7  l ac5 QS R8 0 
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S o u r c e  
ATCC 
F .  B l a t t n e r  
F .  B l a t t n e r  
ATCC 
T .  Z amb 
N • . A l exan d e r  
N .  A l e x an d e r  
T .  Z amb 
NRRL 
NRRL 
F .  B l a t t n e� 
NRRL 
ATCC 
F .  B l a t t n e r  
N o r t he r n  r e g i o n a l  r e s e a r c h  l ab s , 
I l l i no i s  
P e o r i a, 
Ame r i c an t yp e  c u l t ure c o l l e c t i o n , Rock v i l l e ,  
M a r y l an d  
U n i v e r s i t y o f  W i s c o n s i n , M ad i s o n , W i s c o n s i n  
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T .  Z amb M o l e c u l a r  G e n e t i c s I n c . ,  M i n n e t o n k a, M i n n e s o t a  
N .  A l ex an d e r  N o r t h e r n  Re g i on a l  Re s e a r ch C e n t e r , P e o r i a, 
I l l i n o i s  
B .  P i l ac i n s k i  M o l ecu l ar Gene t i c s  I n c . , M i n n e t o n k a ,  M i n n e s o t a  
r e p r e s e n t s  de l e t i dn 
agar w a s  added . A l l  o t h e r  g �  £Q!! s t r a i n s we r e  g r own i n  
e i t h e r  Lur i a  B e r t an i  med i um ( L B )  ( 2 7 )  o r  i n  b as i c  g r ow t h  
m ed i um w h i c h  c on t a i n s  p e r  l i t e r  m i n u s  t h e  c a rb o h yd r a t e ,  5 g  
C as aa i n o ac i ds w i t h  v i t am i n s ( D i fc o ) ,  7 g  K H P O  , l g  
2 4 
( NH ) S O  , 0 . 5 g N a  c i t r a t e, O . l 5 g  t h i aa i n e  h y d r o c h l o r i de, and 
4 2 4 3 
O . l g M gS O  . 7 H 0, pH 7 . 0 .  The c a rb ohyd r a t e  s ou r c e  u s e d  i n  
4 2 
a l l o f  t he ab o v e  me d i a  was e i t h e r  2 %  D - g l uc o s e  o r  1 t o  2 %  
l ac t o s e .  C o n c e n t r a t ed s o l u t i o n s  o f  t he s e w e r e  a u t oc l a v e d  
s ep ar a t e l y a n d  t hen aft e r  c o o l i n g  we r e  a s e p t i c a l l y  added t o  
s o l u t i o n s  o f  t he ab ove ( au t oc l a v ed )  t o  t h e d e s i r e d  
c o n c en t r a t i on . A n t i b i o t i c  supp l emen t s  o f  amp i c i l l i n and 
t e t r ac y cl i n e  we r e  5 0  an d 2 5  ug/ m l, r e s p e c t i v e l y  for a l l  
g r owt h m e d i a .  T he s e  an t i b i o t i cs we r e  f i l t e r  s t e r i l i z e d 
s e pa r a t e l y  b e fo r e  b e i n g added t o  t he me d i a . 
1 0  
Y e a s t s t r a i n s  ( s e e  T ab l e 1 )  we r e  g r own e i t h e r  i n  YPD 
med i um c o n t a i n i n g per l i t e r  l O g  B ac t o  yeas t e x t r ac t ( D i fc o ) ,  
2 0 g  B ac t o  p ep t on e  ( D i fc o ) and 2 0 g  D - g1u co s e  o r  t hey w e r e  
g r own i n  S D  M i n i ma l  med i um ( 7 0 ) . M e d i a  us e d  fo r g r ow i n g g �  
£2!! a n d  y e as t auxo t r o p hs ( s ee T ab l e  1 )  we r e  s up p l eme n t e d 
w i t h  3 0  u g / m 1 L- l euc i n e  and 2 0  u g /m 1 L- h i s t i d i n e  
T AB L E  2 .  P l as m i ds u�ed fo r DNA · T r an s fo rma t i o n 
P l asm i d  S i z e  ( da l t o n s ) M a r k e r s  S o u r c e  
6 
p 8 R3 2 2  2 . 8  X 10 d amp, t e t  B .  P i l ac i n s k i  
6 
p B R 3 2 5  3 . 6  X 1 0  d amp, t e t  B .  P i l ac i n s k i  
6 
Y E p l 3  6 . 9 6 X 1 0  d amp, t e t  N .  A l exan d e r  
6 
pZ 1 0 0 0  1 5 . 0  X 1 0  d * amp T .  Z amb 
1 .  t e t  r e p r e s e n t s  t e t r acyc l i n e  r e s i s t an c e  g e n e  
2 .  amp r e p r e s e n t s  amp i c i l l i n r e s i s t an c e  g e n e  
3 .  d r e p r e s en t� da 1 t on s  
4 .  * r e p r e s e n t s  an a p p r o x i ma t e  v a l u e 
h yd r o c h l o r i de . B o t h  w e r e  s t e r i l i z ed b y  a u t o c l a v i n g for 1 5  
0 
m i n  a t  1 2 1  C and 1 5  ps i .  
Y-ME L AND X-8 0 2  G B NOTYPB VB R I F IC AT ION 
L amb d a  b ac t e r i ophage C l 8 5 7 S 7  1 ac5 was p r o p a ga t e d  
us i n g  Y-me l ( s e e  T ab l e  1 )  a s  t he phage ho s t . Is o l a t e d 24 h 
0 
1 1  
Y-me l c o l o n i e s grown on NZ YDT agar a t  3 7  C we r e  s us p e n de d  i n  
1 m l  o f  Q80 b uf f e r  ( O . OlM t r i s  hydroch l o r i de pH 7 . 4 ,  · O . O l M 
NaC l )  a n d  o·n e l oo p  o f  t h e s us p e n s i o n  was us e d  t o  s t r e ak 
dup l i c a t e  NZY D T s l an t s  and t o  i n o cu l a t e  e ac h  o f  5 d i f f e r e n t  
p l a t e s  c o n t a i n i n g  A B  agar w i t h v a r i o us s up p l e m e n t s  ( F .  
B l a t t n e r , L ab o r a t o ry o f  Gen e t i c s , Un i v e r s i t y o f  W i s c o n s i n , 
Mad i s o n W i s c o n s i n  5 3 7 0 6 ) . AB agar was s upp l eme n t e d 
h e r e  w i t h var i ous m i x t u r e s  o f  b i o t i n  ( B ) , d i am i n o p i me l i c  
ac i d  ( D ) , t hym i d i n e  ( T ) , and n a l i d i x i c  a c i d  ( N ) . A l l AB agar 
s up p l em e n t s  w e r e  ob t a i n e d t h r ough S i gm a . Y-m e l , i f  it has 
re t a i n e d  the c o r r e c t  g e n o t ype ( s ee T ab l e  1 ) ,  f o rms red­
o 
purp l e  c o l o n i e s t u rn i n g  me t a l l i c g r e e n  a t  3 7  C o n  AB / B DT ,  
AB / B D , AB /B T , and AB / D T  b u t  does n o t  g r ow o n  A B / 3D TN ( F . 
B l a t t n e r ) . Hen c e  whe r e v e r  t h i s  p a t t e r n  was obs e r ved , t he 
dup l i c a t e  NZ YD T s l an t  cu l t u r e s  w e r e  s av e d  . The 
v e r i f i c a t i o n  p r o c e dur e was t hen rep e a t e d w i t h g r ow t h  f r om 
t he s e  s l an t s  t o  e n s u r e  th e c o r r e c t  g en o t y p e . 
Fo r fur t he r  ge n o t ype as s uran c e , NZ YDT c u l t u r e s  of 
Y-me l w e r e  t e s t ed for t h e i r  ab i l i t y  t o  gr ow i n  t h e  ab s en c e  
o f  L-p r o l i ne .  C e l ls from a s i n g l e  o v e r n i gh t  co l o n y  we r e  
s us p e n d e d  i n  1 m l  o f  Q8 0 b u f fe r and a s i n g l e  l o o p fu l  was 
used to i n o cu l at e  each o f  two p l a t e s of the fo l l ow i n g  b as a l  
s a l t s  m e d i um c on t a i n i n g p e r  l i t e r: l . O g KC l ,  0 . 2 g N a  S O  , 
2 4 
7 . 0 g K HPO , O . O l g C aC l , 0 . 6 g NH C l ,  a n d  when t he m e d i um 
2 4 2 4 
was us e d  t o  make p l a t e s , 2 0 g  / l i t e r  a g a r  w a s  a d ded . The 
b as a l  s a l t s  m e d i um in on e set o f  p l a t e s  c o n t a i n e d  1-p r o l i n e  
( S i gma ) a t  a c once n t r a t i o n o f  1 5  mg/ l i t e r  whi l e  t he b as a l  
s a l t s  m e d i um o f  t he o t h e r  p l a t es l ac k e d  1- p r o l i n e . P r o l i n e  
1 2  
was a d d e d  p r i o r  t o  a u t o c l av i n g  the med i um .  T h e  c a rb ohyd r a t e  
s ou r c e  fo r b o t h  m e d i a  w a s  5 g / l i t e r  D - g l u c o s e a u t o c l av ed 
s ep a r a t e l y  i n  a c o n c e n t r a t e d  s o l u t i on a n d  a d d e d  as e p t i c a l l y .  
The p l a t e s w e r e  s c o r e d  f o r  g r ow t h  a f t e r  i n c ub at i n g  fo r 7 d 
0 
a t  3 7  C i n  a w e t  b ox an d on l y  t ho s e  N Z YD T s l an t  cu l t u r e s  
w e r e  s av e d  t ha t  wou l d  n o t  g r ow i n  t h e ab s e n c e  o f  L - p r o l i n e . 
F o l l ow i n g  c omp l e t i on o f  t he p r o l i n e  g r o w t h  t es t , Y-me l s t o c k  
c u l t u r e s  o n  NZ Y D T  a g a r  w e r e  made from v e r i f i e d s l an t 
0 
c u l t u r e s  and t h es e we r e  s t o r ed a t  4 C .  E v e r y  f o u r  weeks a 
new s l an t w a s  p r e p a r e d  f r om a ve r i f i e d Y-m e l s l an t . 
L amb da b ac t e r i o phage C l 8 5 7 S 7  w as p r op a g a t e d us i n g 
K - 8 0 2  ( s e e  T ab l e  1 )  as t he phage ho s t . An I s o l a t ed 2 4  h K­
o 
8 0 2  c o l o n y  g r o wn on NZ YD T agar a t  3 7  C was s us p en d e d  i n  1 
m l  o f  Q8 0 buf fe r . A s i n g l e  l o o p f u l  o f  t h i s  s us p en s i o n w as 
th en us e d  t o  i n o c u l a t e  dup l i c a t e  NZ YD T s l a n t s  a n d  6 p l a t e s  
c on t a i n i n g  b as a l  s a l t s  m e d i um p l us , r e s p e c t i v e l y; 5 g / l i t e r  
l ac t o s e  ( L ) ,  5 g / l i t e r  D - ga l ac t o s e  ( G ) , 1 5 m g / l i t e r  L -
•e t h i on i n e  ( M ) , ( S i gm a} , 5 g / l i t e r  l ac t o s e  w i t h 1 5 m g/ l i t e r  L-
1 3  
me t h i o n i n e ( LM) , 5 g / l i t e r  l ac t o s e  w i t h  5 g/ l i t e r  D - g a l ac t o s e 
( LG ) , and 5 g/ l i t e r  D - ga l ac t o s e  w i t h  1 5 m g / l i t e r  L-me t h i on i n e  
( GM ) . 
0 
The s i x p l a t e s we r e  i n c ub a t e d  fo r 7 days i n  a 3 7  C we t 
b ox a n d  a t  t h e  e n d  o f  t ha t  t im e  t he p l at e s w e r e  s c o r e d  f o r  
g r ow t h .  S l an t s  w e r e  s av e d when t he p a t t e r n o f  g r ow t h  was 
( L) ,  m i nus; ( G) ,  m i n u s; ( M )  , m i n us; ( LM ) ,  s l ow g r ow t h; ( LG ) , 
m i n us; a n d  ( GM ) ,  s l ow g r ow t h ; r es p e c t i v e l y .  
BACTERIOPHAGE PLAQUE I SOLATION , PRIMARY STOC K P REPARATION 
AND TITRATION 
Upon r e c e i p t  o f  a phage s t o ck s u s p en s i on c on t a i n i n g 
b ac t e r i ophage C l 857 S 7  l ac5 ( F .  B l a t t n e r) ( s e e  Tab l e  1 ) ,  
p l aqu e i s o l at i on was c a r r i ed o u t  t o  en s u r e  p h a g e  s t ock 
p ur i t y .  F o r  t h i s  p r o c e dure 0 . 1 ml  o f  a n  o v e r n i gh t  
s t at i on a r y  cu l t u r e  o f  Y-me l gr own o n  NZ Y D T  w a s  m i x e d  w i t h  
0 . 2  m l  o f  a m i x t u r e  c o n t a i n i n g  1 2 5  u l  o f  t h e phage s t o c k  
s us p en s i on and � . 0 ml  of p l aque s t o r ag e  b uf f e r  ( P SB ) . P S B  
c o n t a i n s O . O l M t r i s hyd r och l o r i de pH 7 . 4 , 0 . 1 0 M NaC l,  0.0 1 
M MgC l , an d 0 . 0 5 �  g e l a t i n . T o  t h i s  was added 0 . 1 • 1  MgCa 
2 
s o l u t i on ( 0 . 0 1  M M gC l , 0 . 0 1 M C aC l  ) .  T h e  c omb i n e d  
2 2 
s o l u t i on was t ho r ou gh l y  • i x e d  ( vo r t e x m i x e r ) an d i n cub at ed 
0 
fo r 1 0  m i n  a t  3 7  C .  F i n a l l y , t h e  comp o n en t s  w e r e  m i x e d 
( v o r t e x m i x e r )  i n t o  3 m l  o f  NZ YDT mo l t e n  a g a r  a n d  t he t o t a l  
was over l a i d  o n t o  a NZYDT p l at e . The p l at e , a f t e r  
s o l i d i f i c a t i o n, was i n v e r t e d a n d  i n c ub a t ed f o r 1 8  h i n  a 
0 
3 7  C w e t b ox. F o l l ow i n g  i n cub a t i on a c o r e  of a g a r  
4082G8 
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c o n t a i n i ng a s i ngl e p l aque was r emo v e d  w i t h  a pas t e ur 
p i pe t t e . The p hage agar p l ug was b r o k e n  ap a r t  an d s u s pended 
in  1 . 0 ml  of  PSB  an d al l owed t o  s oak fo r 15  m i n  af t e r wh i ch 
0 . 1 m l  o f  a s t a t i onary Y-me l c u l t ur e  gr own i n  NYZ D T  an d 0 . 1 
m l  o f  MgC a s o l u t i on we re adde d .  The m i x t u r e  w a s  d i l u t ed 
wi t h  5 0  m l  o f  NZ Y D T  b r o t h  i n  a 2 5 0  m l  E r l en m e y e r  f l as k  and 
0 
t he f l as k  was i n c ub at ed at  3 7  C an d 1 4 0  r ev / m i n  o n  a New 
B run s w i c k  ( Mo d e l  G - 2 5 ) gy ro t o r y s hak e r  for 2 2  h .  A f t e r  
. -
i nc ub at i on t h e  l y sat e  was t reat ed w i t h  0 . 5  m l  of ch l o r o fo rm 
an d t h e m i x t u r e  was c l ar i f i e d b y  c e n t r i fuga t i o n  at  3 , 0 1 5 x g 
0 
for 1 0  m i n  at 4 C .  The s up e r n at an t  was decan t ed an d enough 
g e l a t i n  was add e d  t o  b r i ng t he s o l u t i o n ( p r i ma r y  phage s t o ck 
A)  to  0 . 0 1 � c o n c en t r a t i on .  
T i t e r i ng o f  p hage s t o c k s  was ac c omp l i s he d  b y  m i x i n g  
d up l i cat e 0 . 1 m l  al i q uo t s  o f  t e n fo l d  s e r i a l  d i l u t i o n s  o f  
p r i mar y phage s t o ck A wi t h  0 . 1 m l  s amp l e s o f  b o t h  MgC a and 
an o v e r n i gh t  s t �t i onary c u l t u r e  o f  Y-ae l gr own o n  N Z Y D T . 
The s e r i a l  d i l u t i on f o r  each dup l i cat e was c ar r i e d out  t o  
- 1 5  
1 0  an d t h e  d i l uen t was P S B . Fo l l owi n g  t h e  a dd i t i o n o f  Y-
ae l ,  t he d i l u t i o n s  we re l i gh t l y  m i x e d  ( v o r t e x  m i x e r ) , 
0 
i nc ub a t e d  for 1 0  m i n  at 3 7  C ,  and t he c o n t en t s  we re added t o  
ao l t en N Z  t op agar whi c h co n t a i n s  p e r  l i t e r  5 g NaC l , 2 g 
MgC l • 7 H  0 ,  1 0  g " NZ am i n e  A " , an d 7 . 5  g aga r . The 
2 2 
i n o cu l at e d  t op agar was p o u r e d  o v e r  NZ Y D T p l at es and a f t e r  
s o l i d i f i c a t i o n t he p l a t e s w e r e  i n c ubat e d  r i gh t  s i de u p  i n  a 
0 
3 7 C we t b ox f o r 1 8  h and t h e  r es u l t an t  p l aq u e s  we r e  
1 5  
coun t e d . 
P l aque p u r i f i cat i o n ,  p r i mary phage s t o ck p r o d uc t i on ,  
an d t i t e r i n g p r o c e dures we r e  a l s o  car r i e d o u t  un d e r  s im i l a r 
c ondit i o n s  f o r  C l 85 7 S 7  l amda b ac t e r i o p hage p hage s t o ck A 
us i ng t he ho s t  c e l l  K- 8 0 2 . 
T o  e n s u r e  p u r e  phage s t ocks o f  b o t h  p hage t yp e s  
C l 85 7 5 7 lac5 a n d  C l 85 7 5 7  a s e c o n d  p l aq u e  ( de r i v e d from 
Phag e  S t oc k  A) o f  b o t h  t yp e s  was harve s t e d an d u s ed b y  t he 
ab o v e  p r o c e d u r e  f o r  a s e c o n d  phage s t o c k  p r o d uc t i o n ( P r i mar y 
Phag e S t o c k  B ) . A l l phage s t ock s o l ut i on s  w e r e  t i t e r ed , 
0 
made t o  c o n t a i n 0 . 0 1 * ge l a t i n  an d s t o r e d  at 4 C .  
C l 85 7 S 7 LAC5 L ARGE SC ALE I NFEC T ION,  GROWTH AND RECOVE RY 
A s cal e d  up ver s i on o f  t h e  m e t h o d  us e d  fqr p r imary 
phage s t o ck p r o duc t i o n was emp l o yed fo r l arge s ca l e  
p r od uc t i on .  T i t e r s  ob t a i n e d  i n  l ar g e  s cal e p r o d uc t i on 
var i e d depe n d i n g  upon t he i n i t i a l  phage an d hos t c e l l  
c o n c en t rat i on .  The c omp o n en t s  f o r  l ar g e  s cal e phage g r ow t h  
c o n s i s t ed o f  0 . 3  m l  o f  a s t at i o nary Y-me l c u l t u r e  gr own i n  
7 
NZ YD T , 0 . 3  m l  o f  MgC a s o l u t i o n an d 5 .0 x 1 0  p h a ge i n  0 . 3 9 
al o f  N ZY D T  ( s e e  Tab l e 3 ) . The s u s p en s i on was l i gh t l y  m i x ed 
0 
( v o r t e x m i x e r ) an d i n c ub a t ed at 3 7  C fo r 1 0  m i n . E ach o f  
four 2 - l i t e r  f l as k s c ontain i ng o n e  l i t e r  o f  NZ Y D T  b r o t h  we r e  
' i n o c u l a t e d  w i t h r e p l i cat e s  o f  t h i s  m i x t u r e  and t he f l as k s  
0 
were i n cub a t e d  at 3 7  C o n  a gyr o t o r y  s h ak e r  at  1 6 0 rpm . The 
p hage w e r e  ha r v e s t e d at max imum t i t e r as d e t e rm i n e d  by t he 
1 6  
de v e lopme n t of a nf i n e s p l i n t e r y .. app earan c e  i n  t he f l as k s  
( l ys e d  c e l l s ) an d a s ub s e quen t i n c r eas e i n  ab s o rb an c e  a t  5 20 
nm due t o  t he p r o l i f e rat i o n o f  p hage r e s i s t an t  c e l l s  ( D .  
D an i e l s , p e r s onal commun i cat i o n , Un i v er s it y  of W i s c on s i n , 
Mad i s on , Wi s c o n s i n ) . T h i s  us ual l y  oc c u r re d  1 8  h af t e r t he 
s tar t o f  i n cubat i on . 
Be f o r e  harv e s t i n g  t h e  p hage , 2 m l  o f  ch l or o f o rm was 
p l ace d  i n t o eac h  f l as k  an d t he i nc ubat i on was con t i n ued as 
·-
b efore _for an add i t i onal 3 0  m i n . Fol l ow i n g  t h e  i n cub at i on ,  
t he con t e n t s  of eac h  f l as k  we re d�can t e d f rom t he ch l o rofo rm 
and p l ac e d  i n t o a s i ngl e 4- l i t e r  f l as k . C ry s t a l l i n e  D NA s e  
an d RNAs e we re added t o  t he p hage l ys a t e t o  a f i nal 
con cen t rat i on e ach of 1 . 0  ug/m l .  Th i s  was fol l owed b y  
i n c ub a t i on for o n e  h a t  roo• t empe rat u r e  w i t h  s l ow s t i r r i n g  
on a magn e t i c  s t i r  p l at e . E n ough s o l i d NaC l c ry s t a l s we r e  
t hen add e d  t o  t he l ys a t e  t o  mak e  i t  1 . 0  M i n  con c e n t r a t i o n 
0 
af t e r  wh i c h t he _  l ysat e was c o o l e d t o  4 C b y  s t at i o nary 
0 
i n c ubat i on for 3 h at 4 C .  D eb r i s  was remov ed f r om t he 
0 
l ys at e  b y  c e n t r i fugat i on at 1 1 , 0 0 0  x g for 3 0  m i n  at 4 C .  
F o l l ow i n g  c e n t r i fugat i on t h e  s up e r n at an t  was d e can t ed an d 
f i l t e r e d  t h r o ugh s ev e ral laye rs o f  che e s e c l o t h  t o  remove an y 
l arge r par t i �l e s  or r emai n i ng deb r i s . S ol i d  
p o l ye t h y l e n e g l yco l ( F i s he r  p-1 5 6  C arb o wax 8 0 0 0 ) was added t o  
mak e a f i n a l  con c en t rat i on o f  1 0 �  w/ v . T h e  m i x t ur e  was 
s t i r r e d  at room t empe rat ure un t i l  i t  had r eac h e d  t he amb i en t  
0 
t eape rat u r e  an d t hen was c o o l e d t o  4 C o v e r n i gh t  wh i l e 
m i x i ng s l ow l y  o n  a magn e t i c  s t i r  p l at e . 
PURIFICATION AND CONCENTRATION or BACTB RIOPHAGI 
P hage p ar t i c l es we r e  p r ec i p i t at e d  b y  c en t r i fugat i on 
0 
at 1 1 , 00 0  x g at 4 C fo r 3 0  m i n . The phage p r e c i p i t at e s 
from eac h o f  four 280 al cen t r i fuge b o t t l e s t hat we re us ed 
were comb i n e d  an d r e s us p en d e d  in 20 m l  of ( SM )  b u ffe r . SM 
b u f fer c o n tai ns p e r  l i t e r : 5 . 8g NaC l , 2.0 g MgS O 
4 
. 7 H  0, 
2 
7 . 9g t r i s hyd r o c h l o r i de , _pH 7 . 5 ;  an d O . lg ge lat i n. An 
e qual v o l um e  o f  ch l or o f o rm was n e x t ad d e d  an d t h e  r e s u l t i ng 
s u s p e n s i o n was m i x ed t ho rough l y  ( v o r t ex m i x e r  fo r 3 0  s ) .  
0 
C e n t r i fugat i o n fo l lowed at 1 , 6 0 0  x g fo r 1 5  m i n  at 4 C .  
Fo l l ow i ng c en t r i fugat i on , t he s up ernatan t  c o n t ai n i ng t h e  
phage par t i c l e s was c o l l ec t ed w i t h  a 5 m l  p i p e t t e down t o  
b u t  n o t  i n c l u d i ng t he wh i t e  i n t e r fac e . T h e  v o l um e  o f  t h e 
reco v e r e d  s up e rnatan t  was meas u r e d  an d 0 . 5 g s o l i d  ces i um 
ch l o r i de ( h i gh p ur i t y f r om KB I I n c . ) was add e d  f o r  e v e r y  m l  
of s o l u t i on . The s upe rnat an t  was p l ac e d  on t o p o f  a s t ep 
grad i en t  c o n s i s t i ng o f  2 m l  s t e p s  of 1 . 4 5 ,  1 . 5  an d 1 . 7  g/ m l  
( t op t o  b o t t o m ,  res p ec t i ve l y )  c e s i um c h l o r i d e d i s s o l v e d  i n  
S M  b uf fe r . C en t r i fugat i on fo l l owed at 1 0 0 , 0 0 0  x g f o r  2 h 
0 
1 7  
at 4 C ( In t e rnat i onal P reparat i v e U l t rac e n t r i fu g e  Mode l B -6 0  
us i ng an S B28 3 r o t o r ) . Fo l l ow i ng ce n t r i fugat i o n 
ap p r ox i mat e l y  3 • 1  of f l u i d  was co l l e c t e d ( b y  s i de pun c t u r e ) 
from each o f  t he s i x t ub es b eg i n n i ng at t he m i dd l e  o f  t he 
1 . 5  g / • 1 s t e p. The 3 m l  samp l e s from each t ub e  we r e  
c omb i n e d  an d a r e f rac t i v e i n dex read i n g o f  t he m i x t u re was 
t ak e n  u s i ng a Bau s c h  & L omb ABBE - 31 r e f rac t om e t e r . The 
re frac t i v e  i n d e x  read i ng was c o n v e r t e d i n t o  a d e n s i t y  v a l ue 
(g/• 1 ) an d t h i s  was c o•par e d  t o  known p hage d e n s i t y v al u e s  
show i ng t ha t  t he c o l l e c t ed f l u i d  c o n t a i n e d  t he phage . 
E n o ugh s o l i d c e s i um ch l o r i de was t h en a d d e d  t o  adj us t t h e  
m i x t u r e  t o  a d e n s i t y  o f  1 . 5 0 g/ m l  an d t he c o n t e n t s  w a s  
d i v i d ed i n  hal f an d p u t  i n  two c e n t r i fuge t ub e s . 
1 8  
C e n t r i fugat i o n  fo l l ow e d  us i ng t he 882 8 3  .r o t o r  at 2 0 0 , 0 0 0  x g 
0 
f o r  2 4  h at 4 C .  A b l u i s h b a n d  was v i s i b l e  i n  e ach o f  t h e  
t wo t ub es af t e r  c e n t r i fugat i on an d upon s i d e  p u n c t u re 
c o l l e c t i on ,  the mat e r i al s howe d a r e frac t i v e i n d e x  read i ng 
of 1 . 3 8 0 . The c o l l ec t e d fl u i d  ( 2  m l ) c o n t ai n i n g t he p h age 
par t i c l e s f r om t h i s  b an d  was p l ac e d  i n  a p r e t r e a t ed 
d ia l ys i s  memb ran e s ack ( 5 0 )  an d t he c o n t e n t s  d i a l ys e d 
0 
agai n s t t wo 1 l i t e r  changes o f  b u f fe r  a t  4 C fo r an i n i t i a l  
2 h an d a l at e r 1 2  h p e r i od .  The d i al ys i s  b uf f e r  cons i s t e d 
of 1 0  •M NaC l , 5 0  mM t r i s  hyd r o c h l o r i de , p H  8 . 0 ,  an d 1 0  mM 
MgC l 
2 
. 6 H 0 .  
2 
E x t r a c t i on o f  t he bac t e r i ophage D NA fo l l ow e d  
d i al ys i s  an d was ac c omp l i s hed fo l l ow i ng a p r o c edur e i n  
" M o l e c u l ar C l on i ng" ( 5 0 ) . P r o t e i nas e K ( 5 0  u g / m l ) w a s  u s e d 
here i n  p l ac e  o f  p r onas e  and a l l c e n t r i fugat i o n s t e ps were 
car r i e d out  u s i ng an H S 4  S o r v a l l  r o t o r  at 6 , 9 2 7  x g for 1 0  
• i n  at room t emp e rat u r e . The re s u l t i ng D NA c o n t ai n i ng 
0 
s o l u t i o n was s t o r ed at -2 0 C .  
1 9  
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The Lamb da phage D NA was re s t r i c t ed w i t h  H i n d i i i  
endon uc l ea s e  ( l o t  t8 6 0 - 2 0 R  New E ngl and B i o l ab s ) wi t h  t he 
f o l l ow i n g  v o l uae s and c o n c en t r at i on s  p e r  r es t r i c t i on d i ge s t ,  
16 u l  H 0, 4 . 7  ug L amda D NA ( as de t e rm i n e d  b y  ab s o rb a n c e  at  
2 
2 60 nm ) i n  2 0  u l  o f  T E  b uf fe r , 2 u l  H i n d l l l  e n z ym e  ( 2 4 
un i t s ) ,  and 4 u l  med i um s a l t  r e s t r i c t i o n b u f fe r ( 2 7 ) . E ach 
t ub e  was c ap p e d  t hen l i gh t l y ai x e d  ( v o r t e x  m i x e r ) an d 
0 
incub a t e d  at 3 7  C f o r  1 . 5  h .  F o l l owi ng r es t r i c t i on , t h e  
d ige s t s o l u t i o n  was adj us t e d t o  5 �  g l yc e r o l b y  t he add i t i o n 
o f  a 1 t o  1 • i x t ur e  ( v / v ) o f  c o n c en t r a t e d  gl y c e r o l and 
wa t e r . Nex t  t he t ub e  c o n t en t s  we re m i xe d  l i gh t l y  and he a t ed 
0 
t o  7 0  C i n  a wat e r  b at h  for 1 0  m i n . T h e  r e s tr i c t i on d i ge s t  
was t h e n  p l ac e d  i n t o  s amp l e  we l l s ( 2 . 3 3 ug r e s t r i c t e d D N A  
p e r  we l l )  o f  a 0 . 6� aga r o s e  ge l . The ge l was f o rm e d  b y  
add i n g 1.2 g o f  S e a P l aque aga r o s e  ( FMC C o r p )  t o  2 0 0  m l  
0 
TB b u f fe r  pH 8 . 3 ( 2 7 ) ,  and hea t i ng t he m i x t u r e  t o  8 0  c 
0 
15 t o  2 0  • i n ,  c o o l i ng i t  t o  3 7  a n d  p o u r i n g i t  int o  a 
o f  
for 
hor i z o n t a l  e l ec t r op hor e s i s  b e d  ( Mo d e l 85 0 e l e c t r op h o r e s i s  
ap p a r a t us ,  A queb ogue Mach i n e  S h o p, Aqueb o gue, NY ) wh i ch was 
0 
p r e c o o l e d t o  8 C wi t h  t ap wat e r . T h e  s am p l e s we re 
e l e c t r o p ho r e s e d  on t he a�aros e ge l ( 2 2 em in  l e ngt h )  wh i l e 
i t  was s ubme rge d i n  T B  b u f f e r  a t  3 . 2  v o l t s  p e r  em f o r  11 h .  
Un l es s  s t a t e d o t he rw i s e , a l l ge l s  we r e  run un d e r t hes e 
c on d i t on s . F o l l ow i ng e l e c t r o p h o r es i s  t h e  ge l ( as w e r e  a l l 
o t he r g e l s ) was s ta i n e d  for D N A v i s ua l i zat i o n i n  T B  b u ffer 
c on t ai n i n g  1 . 0  ug/• 1  e t h i d i um b r om i de ( S i gma ) for o n e h at 
r o om t emp e rat u r e . The ge l was t hen des t a i n e d  b y  t wo 
c on s e cu t i v e  5 0 0  m l  chan ges o f  de i on i z ed wat e r  al l owi n g  2 0  
m i n  t o  e l aps e b e t we e n  each chan g e . The ge l ,  af t e r  
des t ai n i n g , was p l ac e d  o v e r  a 3 0 2  n m  U V  s ou r c e  ( TM- 4 0  
T ran s i l l um i nat o r , U l t r a V i o l e t  P r o duc t s ,  I n c . S an G ab r i e l  
Cal i fo r n i a )  f o r  D NA v i s ual i zat i on .  P ho t o g raphs. o f  s t a i n ed 
-
2 0  
D NA ban ds i n  t he ge l we r e  t aken us i ng a C r o wn G raph i c  c am e r a  
w i t h  P o l aro i d  Type 5 5  f i l m t h r ou gh a S e r i e s VI Wrat t en 
f i l t e r K - 2  w i t h  a two m i n  e x p o s u r e . 
The b an d  con t ai n i n g  t he l arge s t  f ragmen t o f  t he 
H i n d i ii d i ge s t ed Lamb da D NA ( t he 2 5 , 7 3 7  b as e  p a i r fragme n t ) 
( 2 8 )  was e x c i s e d from t h e  ge l an d t r i mm e d  o f  a n y  ex c e s s  
agar os e .  T he t r i mmed H i n d i i i  F r agme n t  g e l s t r i p  was me l t e d 
0 
i n  a 6 5  C wat e r  b at h  f o r  1 0  • i n  af t e r  wh i ch t he v o l um e  o f  
t he mo l t en agar_was de t e rm i n e d a n d  5 v o l um e s  o f  a s o l u t i o n  
c o n s i s t i n g  o f  2 0  mM t r i s  hydroch l o r i de , p H  8 . 0 ; an d 1 mM 
Na E D T A  was adde d . Th i s  s o l u t i on was heat e d  fo r an 
2 
add i t i onal 2 0  m i n  t hen e x t rac t e d t wi c e  w i t h  e qual v o l umes o f  
e qu i l i b rat e d  p h e n o l  ( 5 0 )  fo l l owed b y  e x t r ac t i o n w i t h  an 
equal v o l ume of a 24 to 1 m i x t u r e  ( v / v ) of c h l o r o f o rm an d 
i s o -am y l  a l c o h o l ( 5 0 ) . A f i n a l  e x t rac t i o n was c ar r i ed o u t  
wi t h  an e qual v o l ume o f  wat e r  saturat e d  e t h y l  e t he r . I n  t he 
ex t ra c t i o n s , p h as e s  we re s e para t e d b y  c e n t r i fugat i on a t  
10 , 44 4  x g fo r 3 0  • i n  a t  r oom t e• p e rat ur e . T h e  v o l um e  o f  
2 1  
t he H i n di i i  F r a gmen t s o l u t i on ( l l O m l ) was  r e du c e d  b y  f l as h  
e v ap o ra t i on ( P r ec i s i on S c i en t i f i c )  ( ap p r ox i m a t e l y  3 0  m l  at a 
t i me ) i n  a 1 2 5  a l  s i l i con i z ed f l as k  a t  a p a r t i a l  vacuum of 
0 
24 t o  2 6  p s i at  5 0  C .  E v ap o r a t i o n was c on t i nu e d  un t i l  a 
t o t a l  f l u i d  vo l ume o f  7 . 0  ml was ob t a i n e d  a t  wh i c h t i me 
enou gh 2 . 5  M s od i um ac e t a t e , pH 5 . 2 ,  was a d d e d  t o  g i v e  t h e  
s amp l e  a f i n a l  con c e n t r a t i o n o f  0 . 2 5 M . E t hanol w a s  added 
next ( 2  vol um e s  of 95% ) an d t h e  r e s u l t i n g  s o l ut i o n was 
0 
ch i l l e d  t o  - 7 0  C f o r  on e h .  The e t h an o l  s ol ut i on was 
0 
c en t r i fuged a t  1 0 0 , 0 0 0  x g fo r 24 m i n  a t  0 C ( S B 2 8 3  r o t o r ) 
to p r e c i p i t at e  t h e  D NA. The pe l l et , fo l l ow i n g 
0 
c en t r i f u g a t i o n , was r i n s e d  w i t h 5 ml  of 0 C 7 0% e t h ano l , 
al l ow e d  t o  a i r  d r y  a t  r oom t em p e r at u r e , a n d  f i n a l l y  t he D NA 
was d i s s o l v e d ove rn i gh t  i n  2 0 0  u l  of l ow s a l t  b u f fe r . L ow 
s al t  buf f e r  c on t a i n s 0 . 2 M NaC l , 2 0  •M t r i s h y d r och l o r i de , 
p H  7 . 4 ;  and 1 mM Na E D T A . T he D NA was n e x t  p u r i f i e d a n d  
2 
con c e n t r a t e d  us�n g B l u t i p-d un i t s ( S ch l e i ch e r  an d S chue l l  
I n c . , K e e n e , N.H.) fo l l ow i n g  t h e man u fa c t u r e r ' s d i r e c t i ons . 
To t h e  e l ut i p  e l ua t e  was added 2 . 5  v o l um e s  o f  9 5 %  e t han o l . 
0 
The s o l u t i on was t hen c h i l l e d t o  - 7 0  C fo r 6 0  m i n  and t h e  
D NA p r ec i p i t at e d  b y  c en t r i fugat i on a t  7 5 , 0 0 0  x g ( S B40 5 
0 
rot or ) at  0 C fo r 24 • i n . The r e s u l t i n g  p e l l e t  was a l l ow e d  
to air d r y  and was t he n  r e s us p e n ded i n  1 0� u l  o f  T E  b u f f e r . 
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The r e c o v e r e d  H i n d i i i  f r agme n t  ( s e e  ab o v e ) was 
res t r i c t e d ( 5  i de n t i c a l  d i g es t s  i n  t o t a l ) w i t h K P NI us i n g  
t he fo l l ow i n g  s o l ut i on s  and v o l umes p e r  r e s t r i c t i on d i ge s t , 
1 6  u l  H 0, 4 u l  o f  l O X  l ow s a l t  r e s t r i c t i o n b u f fe r  ( 2 7 ) , 6 
2 
u l  KPN I ( 54 un i t s ) ( New E n g l an d  B i o l ab s ) ,  1 2  u g  D NA 
s us p e n ded i n  2 0  u l  o f  TE b u f fe r , and 2 u l  o f  a 5 . 0  mg/ m l  
2 2  
b ov i n e  s e r um a l b um i n  f r a�t i on ( p e n t ax 5 ,  P . L .  B i o chem i c a l s ) . 
The 5 t ub e s  c o n t a i n i n g  t h e r es t r i c t i o n d i ge s t were v o r t e x e d  
0 
l i gh t l y  a n d  i n c ub a t e d a t  3 7  C fo r 3 h .  F o l l ow i n g  i n cub a t i o n  
t he d i ge s t was a d j u s t e d t o  5 %  g l yc e r o l ( v / v ) a n d  h e a t e d  t o  
0 
7 0  f o r  8 m i n . The r e s t r i c t ed D NA was e l e c t r op h o r e s e d  
un de r t h e s ame c o n d i t i on s  a s  p r ev i o us l y  de s c r i b ed o n  page 
1 1 .  T h r e e  b an ds we r e  v i s i b l e a f t e r  s t a i n i n g  t h e  ge l w i t h  
e t h i d i um b r om i de an d i l l um i n a t i n g  i t  un d e r  3 0 2  nm l i gh t . 
The s e c o n d  o f  t he s e  b an d s  ( t he l ac o p e r on c o n t a i n i n g  
fr a gme n t , 6 , 92 5  b as e  p a i r s ) ( 2 8 )  was e x c i s e d f r om t he ge l 
and t r i m• e d  o f  e x c e s s  a g a r o s e .  The aga r o s e  b an d  was s t o r e d  
0 
a t  4 C un t i l  i t  c ou l d  b e  c omb i n ed w i t h  an o t h e r  p r ep a r a t i on 
o f  t he f r a gm e n t ,  as des c r i b ed b e l ow .  
A s ec o n d  m e t h o d  fo r t he r e c ov e r y  o f  t h e  2 5 , 7 3 7  b as e  
pa i r  H i n d l l l  F r a gmen t  was us e d . The D N A a f t e r  r e s t r i c t i o n 
w i t h  H i n d i i i  e n z ym e  was e l e c t r o pho r e s e d  us i n g  t he s am e  
p r o c e d u r e  as d e s c r i b e d  p r e v i o u s l y .  He r e , how e v e r  a 0 . 6% 
aga r o s e  g e l ( S e a  C h em aga r o s e LE ) was p r ep a r e d  b y  b o i l i n g  
t he a ga r o s e i n  T B  b u f fe r  fo r s e v e r a l  m i n u t e s  a n d  c o o l i n g  t h e 
0 
s o l ut i on t o  5 0  C b e fo r e  p our i n g . The 2 7 , 7 3 7  b as e  p a i r  
fragme n t  was r e c o v e red b y  e l e c t ro e l u t i o n i n t o p r e t r e a t ed 
2 3  
d i a l ys i s  memb r a n e  b a gs and was p u r i f i ed b y  d i r e c t ex t r ac t i o n 
( 5 0 ) . The D NA r e c o v e r e d  b y  t h i s  m e t h o d  w a s  r e s t r i c t e d  wit h 
K P N I  w i t h  t he s ame p r o cedure us e d  fo r t he KP N I  r e s t r i c t i o n  
d i ge s t s  ab o ve . E l e c t r op h o r e s i s  o f  t he r e s t r i c t i on d i ge s t  
fo l l ow e d  us i n g  a 0 . 6� S e a P l aque aga r o s e  g e l .  The s e c o n d  
b an d  c on t a i n i n g  t he 6 , 9 2 5  b a s e  p a i r  f r a gm e n t w a s  e x c i s e d 
f r om t he ge l ,  t r i mmed o f  ex t r a n eous g e l a n d  c o mb i n ed w i t h  
t he 6 , 9 2 5  bas e p a i r  r e s t r i c t i on f r a gm e n t p r ep a r e d  b y  t h e 
f i r s t  m e t ho d . 
The c omb i n e d  agar os e ge l mat e r i a l w i t h t he K P N I 
0 
f r a gme n t s  f ro m  b o t h  p r o c edu r e s  was me l t e d  a t  65 C and t h e 
vo l um e  d e t e rm i n e d .  A s o l ut i on c on t a i n i n g  2 0  mM t r i s  
hyd r o c h l o r i de p H  8 . 0 ,  and 1 mM N a  E D T A  was adde d ( 5  v o l umes ) 
2 0 
and t he r e s u l t i n g  m i x t u r e  was hea t ed fo r 1 0  m i n  a t  65 C .  
The f l u i d  was t he n  e x t r a c t e d  ( d i r e c t  ex t r ac t i on )  ( 5 0 )  t o  
r emov e mos t o f  t he aga r o s e .  T h e  D NA w a s  t he n  e t han o l  
p r e c i p i t a t e d  as _ ab ove ( p age 2 1 ) , r e s u s p en de d  i n  2 0 0  u l  o f  
low s a l t  b u f fe r  and p u r i f i e d and conc e n t r a t e d b y  e l u t i p - d  
e l ut i on ( fo l l ow i n g  t he man u f a c t u r e r s  d i r e c t i o n s ) .  A f t e r  
e l u t i o n ,  t he D NA was p r e c i p i t a t e d w i t h e t ha n o l  b y  t he s ame 
p ro c e du r e  us e d  f o r  t h e  2 5 , 7 3 7  b a s e  p a i r  f r a gm e n t f o l l ow i n g  
e l u t i p - d  p u r i f i c a t i o n . The D N A c o n t a i n i ng pe l l e t  was d r i e d 
fo r s eve r a l  m i n  un d e r  a· v acumn o f  app r o x i m a t e l y  2 9  p s i and 
t hen r e s us p e n d e d  in 10 u l  of T E  b u f fe r . 
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FRAGMEN T  
The p r o t rud i n g  3 ' end o f  t he 6 , 9 2 5  b as e  p a i r  
fragmen t ,  r e s u l t i n g  from KPN I r es t r i c t i o n ,  w a s  r emoved 
( b l un t  e n d  made ) . Th i s  was done w i t h  the e x o n u c l e as e 
ac t i v i t y  o f  b ac t e r i o phage T-4 D NA p o l yme r a s e ( l o t  3 ,  New 
E n g l an d  B i o l ab s ) us i n g  a p rocedure des c r i b e d  i n  " Mo l e cu l ar 
C l on i n g " ( 5 0 ) . The D NA was t h en s e p a r a t ed f r om t h e 
exonuc l e as e r e ac t i on m i x t u r e  a f t e r  b e i n g  ex t r ac t e d w i t h an 
equal v o l um e  o f  1 par t e qu i l i b r a t e d phe n o l to  1 par t 
ch l o r o fo rm . Th i s  was don e b y  add i n g  en o ugh 2 . 5  M s o d i um 
ac e t a t e  ( p H 5 . 2 ) t o  make t he reac t i on m i x t u r e  0 . 2 5 M ,  
c omb i n i n g  t h i s  w i t h 2 . 5  v o l umes o f  95� e t h an o l  a n d  ch i l l i n g  
0 
t h e  m i x t ur e  t o  - 7 0  C fo r 6 0  m i n  t o  mak e t h e  D N A  i ns o l ub l e . 
0 
24 
C en t r i fu ga t i o n fo l l owed for 1 5  m i n  a t  4 C in  a B eckman mode l 
1 5 2  m i c r o fu ge t o  s e d i me n t  t he D NA . A f t e r  c e n t r i fu g a t i on , 
0 
t he D N A  p e l l e t  was r i n s ed w i t h 1 0 0  u l  o f  0 C 7 0 �  e t h ano l ,  
dryed u n d e r  v a c uum and d i s s o l v ed i n  1 0  u l  o f  T E  b u f fe r . 
F I L L I NG I N  THE 5 '  BND O F  THI 6 , 925 B AS E  P A I R  FRAGME NT 
The p r o t r ud i n g 5 '  end of t he 6 , 9 2 5  b as e  p a i r  
f r agm e n t  r emov e d  o f  i t s  3 ' ov e r l ap p i n g  e n d  ( s e e  ab o v e  on 
page 2 4 ) was made b l un t ended b y  the p o l ym e r i z i n g  ac t i v i t y  
o f  D NA p o l ym e r as e I ( l ar ge o r  K l e n ow f r a gm e n t ,  New E n g l an d  
B i o l ab s ) us i n g  a p r ocedure i n  " Mo l e cu l a r C l o n i n g "  ( 5 0 ) . A l l 
2 ' - d e o x y  n uc l eo t i de 5 ' - t r i phosphat es , a s  s o d i um s a l t s  u s e d  
i n  t h i s  p r o c e d u r e  w e r e  ob t a i n e d  fro• P L  B i o c hea i c a l s , I n c . 
2 5  
Upon p o l yme r i z a t i on o f  t he D N A a n d  i n a c t i v a t i o n o f  t h e 
e n z ym e , t he m i x t u r e  was ex t rac t e d , e t h a n o l  p r e c i p i t a t ed ,  
r i ns e d ,  d r i e d u n d e r  v a c umn , a n d  f i n a l l y  r e s us p e n d e d  i n  1 0  u l  
o f  T E  b u f f e r  as ab ov e . 
PHOSPHORYLA T I ON AND AD D I T ION O F  L I NKBRS TO B LUNT BND BD 
6 , 925 B AS H  PA I R  FRAGME NT 
Pho s p ho ry l a t i on o f  t he 5 '  l i n k e r  e n d s  w a s  c a r r i e d 
o u t  w i t h  1 . 5  ug o f  l i n k e r  D NA a n d  2 u n i t s o f  T - 4  
p o l yn uc l e o t i de k i n as e  ( New E n g l an d  B i o l ab s ) .  Th i s  �as i n  an 
8 ul f i n a l  v o l ume r e a c t i o n  m i x t u r e  c o n t a i n i n g  1 0  mM ATP . A 
p ro c e du r e  i n  "Mo l ec u l a r C l on i n g "  was u s e d  ( 5 0 ) t o  a c c omp l i s h 
t he phos pho r y l a t i o n .  E ac h  l i n k e r  o r  d e c a o l i go n uc l e o t i de was 
c o•po s ed of 1 0  b as e s , d ( C -G-G-G-A- T-C - C - C -G ) , ( New E n g l an d  
B i o l ab s  l o t  7 - 64 ) . Adenos i n e 5 ' - t r i p hos p h a t e  ( d i s o d i um 
s a l t ) u s e d  f o r  t h i s  p ro cedure was f r om P L  B i o c hem i c a l s  I n c  
and t he l O X  l i n k e r  k i n a s e  b u f f e r  c o n t a i n e d  2 m g/ m l  b o v i n e  
s e r um a l b um i n  i n s t e a d  o f  ge l at i n .  The m i x t ur e  w a s  i n cub a t e d 
0 
f o r  6 0  m i n  a t  3 7  C t o  b r i n g  ab o u t  t h e  p h o s p h o r y l a t i on . 
Fo l l ow i n g i n c ub a t i o n ,  t he 6 , 9 2 5  b a s e  p a i r  b l un t e n ded 
fr agme n t s us p e n d e d  in 1 0  u l  of T E  b u f fe r  ( s e e  ab o v e ) ,  was 
added to t he l i n k e r  k i n as e m i x t u r e . T - 4  D NA l i g a s e  ( N ew 
E n g l an d  B i o l ab s ) was a l s o  added at t h i s  t im e  ( 1  u l  
c o n t a i n i n g 4 0 0  un i t s )  t o  c o v a l e n t l y  c o n n e c t t h e 
phos p h o r y l at e d l i n k e rs t o  t he fragmen t .  A f t e r i n c ub a t i o n 
a t  r oom t empe r a t u r e  fo r 6 h ,  1 u l  0 . 5  M Na E D T A  was  added 
4 
and t h i s  was fo l l owed b y  ex t r ac t i o n ,  a n d  e t h an o l  
2 6  
prec i p i t a t i o n a s  d i s c us s e d ab o v e  ( " Remo v a l  o f  3 '  o v e r l a pp i n g  
e n d  o f  6 , 9 2 5  b as e  pa i r  fragm en t " , on p a g e  2 4 ) .  
Ba•B I RES TRI C T IO N  OF L I NKBRBD 6 , 9 2 5  BAS I  P A I R  FRAGMENT 
The D N A  pe l l e t  f r om ab o v e  was d i s s o l v e d  i n  4 0  u l  o f  
T E  b u f fe r , a n d  t o  t h i s  w a s  added 5 u l  o f  m e d i um s a l t  b u f f e r  
and 8 t o  9 u n i t s ( 1  u l ) o f  B amH I r e s t r i c t i o n e n z yme ( P L 
B i ochem i c a l s ) . 
0 
I n c ub a t i o n was c a r r i e d  o u t  a t  3 7  C for 3 h 
aft e r  wh i ch 1 u l  o f  0 . 5  M Na E D TA was added a n d  t h e  m i x t ure 
4 
e x t r ac t e d as ab o v e  ( p age 2 4 ) w i t h a p h en o l  c h l o r o fo rm 
a i x t u r e . The 47 ul of s o l u t i o n fo l l ow i n g t he e x t r ac t i o n 
0 
was f i r s t  a d j u s t e d t o  5� g l yc e r o l , t he n  w as h e a t ed at  60  C 
f o r  1 0  • i n  a n d  f i n a l l y  was p l ac e d  o n  a 0 . 6% l ow me l t  ag a r o s e  
ge l ( S e a P l aque ) . E l e c t o pho r es i s  w a s  c a r r i e d o u t  un d e r  t h e  
s ame c on d i t i on s  as de s c r i b e d p r e v i ous l y .  
PLASM I D  D NA SEPARAT ION AND PUR I F I C AT ION 
P l as m i d _ s e para t i o ns were ca r r i e d out by t h e 
fo l l ow i n g  p r o c e du r e . C e l l s  from an i s o l at ed s i n g l e  c o l o n y  
o f  s t r a i n  HB l O l ,  MC 1 0 6 6 , o r  C S H 1 8  g r own o v e r n i gh t  o n  LB agar 
w i t h 50 ug/m l amp i c i l l i n were i n o cu l a t e d i n t o  1 0 0  ml o f  LB 
b r o t h  c o n t a i n i n g 50 ug/m l amp i c i l l i n i n  a 5 0 0  m l  E h r l eme y e r  
0 
f l a s k . F l as k s  w e r e  i n c ub a t e d a t  3 7  C i n  a New B r unsw i c k 
Mode l 2 5  gy r o t o r y  shak e r  at 1 6 0 r e v / m i n  u n t i l  t h e cu l t u r e s  
r eached t he s t a t i o n a r y  phas e . A 1 0  m l  a l i q uo t o f  t he 
s t a t i on a r y  c u l t u r e  was u s e d t o  i n o cu l a t e  e a c h  o f  5 i den t i c al  
t wo l i t e r  f l as k s  c on t a i n i n g 1 0 0 0  ml  of  L B  b r o t h  w i t h 20  
ug/m l am p i c i l l i n and the s e  f l a s k s  we r e  i n c ub a t ed as b e f o r e . 
The c o n t en t s  o f  o n e  o f  t he 5 f l as k s  was u s e d  t o  f o l l ow the 
, . 
par a l l e l  i n c r &as e i n  the c e l l  dens i t y  o f  a l l t he f l as k s 
( B au s c h  & Lomb s p e c t ron i c - 2 0  ) .  When t he p r op e r  o p t i c a l  
dens i t y  o f  0 . 3  a t  5 5 0  n m  was r e ached , 1 0 0  u g / m l powde r e d  
ch l o r amphen i c o l  ( S i gma ) w a s  a d d e d  t o  e a c h  f l a s k  a n d  t h e  
2 7  
f l as k s  w e r e  i n c ub a t e d as b e fo r e  f o r  an a dd i t i o n a l  3 0  h .  The 
f l as k  c on t en t s  used f o r  ob t a i n i n g o p t i ca l  den s i t y s am p l e s  
\ 
· w as d i s c ar d e d  a t  t h i s  po i n t . 
The c e l l s f r om e ach l i t e r  o f  c u l t u r e  w e r e  p e l l e t e d 
0 
( 8 , 0 0 0  X g ,  5 m i n , 4 C )  i n  s e p a r a t e  2 8 0  m l  cen t r i fuge 
b o t t l e s . T he p r o c e d u r e s  de s c r i b e d  from h e r e o n  are fo r t he 
amoun t o f  c e l l s harv e s t e d fr om each l i t e r  o f  c u l t u r e  � 
a l tho u g h  4 l i t e r s  o f  c u l t u re were ac t ua l l y  p r o c e s s e d . A l l  
s t ep s  we r e  c a r r i e d out un l e s s  s p e c i f i e d  u s i n g  s o l u t i o n s  a t  
0 
4 C .  C e l l s a f t e r  cen t r i fugat i on were r e s u s p e n d e d  i n  1 0 0  m l  
o f  was h b u f fe r  ( 1' 0  mM t r i s  hydro c h" lo r i de , , pH 8 .  0 ,  1 mM 
Na E D TA ) an d we r e  p e l l e t e d as b e fo r e . T h� c e l l s ' w e r e  
2 
r esus p e n d e d  i n  2 5  m l  o f  p r o t o p l a s t i n g  b u f f e r  ( 5 0 mM t r i s  
h yd r o c h l o r i de ,  p H  8 . 0 ,  2 5 %  s uc r o s e )  and t h e n  w e r e  i n c ub a t ed 
on i c e  f o r  1 0  m i n  a f t e r  wh i ch 5 m l  l y s o z yme ( 1 2 m g /m l , S i gma 
grade 1 )  d i s s o l v ed i n  p r o t o p l as t i n g  b u f fe r  was adde d . - The 
c on t en t s  were m i x ed b y  i n v e r s i on s ev e r a l  t i m e s  an d t h en 
i n c ub a t e d  on i c e f o r  30 m i n . A f t e r  i n c ub a t i o n , 6 . 3 ml o f  
0 . 5  M N a  E D TA· , p H  8 . 0 ,  was adde d an d t h e  s u s p en s i on was 
2 
i nv e r t e d  s e v e r a l  t imes an d i n cub a t e d  on i c e  f o r  5 m i n . Th i s  
was fo l l owed b y  t he add i t i on o f  3 6 . 5  m l  o f  l ys i s  b u f fe r  
( 0 . 2 % v / v  t r i t on X 1 0 0  f r om S i gma , 5 0  m M  N a  E D TA , p H  8 . 0 )  
2 
and i n c ub a t i on o n  i c e  f o r  1 0  m i n . The m i x t u r e  w a s  n ex t  
0 
2 8  
c en t r i fuged a t  4 3 , 5 4 2  x g for 6 0  m i n  a t  4 C t o  remo v e  deb r i s 
and n o n l y s e d  c e l l s . The c l e a r  n o n -v i s c ou s  s up e r n a t an t  
p r es e n t  a f t e r  c en t r i f uga t i o n was decan t e d down t o  b u t  n o t  
i n c l u d i n g  t h e  g e l at i n ous p e l l e t . The v o l u• e  o f  t h i s  
s upe rn a t an t  f l u i d  was de t e rm i n e d  and 5 ug/ m l  RNa s e  adde d . 
0 
RNas e was d i s s o l v ed i n  a m i n i mum o f  wa t e r , h e a t e d  t o  1 0 0  C 
f o r  1 0  m i n  and c o o l ed s l ow l y  t o  r o om t em p e r a t ur e  p r i o r  t o  
us e .  The add i t i o n o f  RN as e was fo l l ow e d  b y  s t a t i c  
0 
i n cub at i on a t  3 7  C f o r  6 0  m i n  a f t e r wh i c h 2 5  u gj m l s o l i d 
p r o t e i n as e K ( t ype X I  f r om S i gma ) was a d d e d  a n d  i n cub a t i o n 
was c on t i nu e d  f o r  an add i t i on a l 60  m i n . 
The RN as e and p r o t e i n a s e  t r ea t e d s up e r n a t an t  was 
ex t r ac t e d fo l l ow i n g i n cub at i on w i t h equ a l v o l ume s o f  
c h l o ro fo rm : p he n o l i s oamy l a l c oho l i n  a 2 4  : 2 4  : 1 
r at i o , r e s p e c t i v e l y . The aqueous l ay e r  was r ec o v e r e d  and 
ex t rac t e d w i t h a n  equa l vo l ume o f  ch l o r o fo rm : i s o am y l 
a l coho l i n  a 2 4  1 r a t i o ,  r e s p e c t i v e l y .  O n e  v o l ume o f  
i s o p r o p an o l was added t o  t he r e c o v e r e d  aque o us p h a s e  and t h e 
0 
s o l u t i o n was c h i l l e d t o  - 7 0  C fo r 20  m i n . A l l p h a s e  
s eparat i on s  f o r  t he e x t r ac t i on p r ocedu r e s  w e r e  a c c om p l i s he d  
b y  ce n t r i fu g a t i o n a t  4 , 0 8 0  x g a t  room t empe r a t u r e  fo r 5 
m i n .  The s o l u t i on was n e x t  s ub j e c t ed t o  c en t r i fug a t i on at 
0 
1 3 , 2 1 8  x g f o r  3 0  m i n  at 4 C .  The s up e r n a t a n t w as d e c an t e d  
2 9  
a n d  t he p e l l e t , a f t e r  a i r d r y i n g , was s l o w l y  d i s s o l v e d  i n  1 6  
m l  o f  T E  b uf f e r  b y  s h ak i n g  gen t l y  ov e r n i gh t  i n  a New 
B r unsw i c k  ( mo d e l G - 7 6 )  gy r o t o r y s hak e r  1 0 0  r e v / m i n  a t  r o om 
t e•p e r at ur e . 
The fo l l ow i n g  d ay , s o l i d  ces i um c h l o r i de ( h i gh 
pu r i t y  f r om Kaw e c k i - B e r y l c o I n dus t r i e s I n c . ) w a s  added and 
t he dens i t y  adj u s t ed to 1 . 5 9 gjm l . The r e s u l t i n g  f l u i d  was 
p l ac e d  i n t o  c e n t r i fuge t ub e s  ( o n e  3 8 . 5  ml t ub e  when us i n g 
t he T i -6 0  ro t o r  an d t w o  1 2  m l  t ub es when us i n g  t he S B 2 8 3 
ro t o r ) . C on c e n t r a t ed e t h i d i um b r om i de ( 1 0 m g / m l )  was n e x t  
adde d b y  l ay e r i n g  2 0  u l  on t op o f  t h e  3 8 . 5  m l  c en t r i fuge 
t ube or 10 u l  o n  t h e 12 m l  grad i e n t s . T he t ub e s  w e r e  t hen 
0 
c en t r i fuged a t  2 0 0 , 0 0 0  x g f o r  4 0  h a t  1 6  C ( S B 2 8 3 ro t o r on 
an I E C  c en t r i fuge ) or t h e y  w e r e  c en t r i fug e d  at 1 6 1 , 1 0 0  x g 
0 
for 4 0  h a t  1 6  C ( T i - 6 0  r o t o r  on a B e ckman M o d e l L 
cent r i fu ge ) . 
B a� ds t h at dev e l oped upon cen t r i fugat i on w e r e  
v i s ua l i z e d us i n g 3 0 2  o m  l i ght . T h e y  w e r e  c o l l e c t ed b y  e i t he r  
b o t t om o r  s i d e  p un c t u r e  us i n g  a n  1 8  guage n e e d l e . The 
r e f r ac t i v e i n d e x  was d e t e rm i n e d  fo r e ach b an d . Nex t 
e t h i d i um b r om i de was r emoved b y  e x t r ac t i on w i t h i s o p ro p an o l  
s a t u ra t e d  w i t h  aque ous 5 M NaC l ,  1 0  mM t r i s h y d r o c h l o r i de ,  
PH 8 . 5 ;  an d 1 mM Na E D TA ( 2 7 ) . D i a l y s i s  t o  r em o v e  t h e  c e s i um 
3 
ch l o r i de was ca r r i e d o u t  s e quen t i a l l y  aga i n s t t h r e e , 1 0 0 0  m l  
0 
chan ge s o f  TE b u f fe r  o v e r  a p e r i o d  o f  two days a t  4 C .  
Pur i t y  o f  DNA p r ep a r a t i on s  an d c oncen t r a t i on o f  t h e  DNA 
3 0  
p r es en t was de t e rm i n e d  us i n g  a B e ckman M o d e l D U  
s p e c t r op h o t om e t e r . I t  was as s um e d  t hat a n  ab s o rp t i on o f  1 . 0  
a t  2 6 0 nm c o r r e s p o n ds t o  5 0  ug/ m l  D NA .  T h i s  i s  t r ue i f  t he 
2 8 0 / 2 6 0  nm ab s o rb an c e  r a t i o  i s  l es s  than 0 . 5 5 ,  i n d i c a t i n g  
m i n i m a l p ro t e i n c o n t am i n a t i on ( 45 ) . T h e  2 8 0 / 2 6 0  r a t i o  was 
che c k e d  to v e r i fy • i n ima l p r o t e i n c on t am i na t i on .  S om e  D NA 
p r e p a r a t i o n s  r e qu i r e d  an add i t i on a l  phen o l e x t r ac t i o n 
fo l l owed b y  e t h an o l  p r e c i p i t at i on t o  a r r i v e a t  an ac c ep t ab l y  
l ow p r o t e i n c o n c e n t r a t i o n . 
T yp i c a l  D NA p r ep a r a t i on s  ( i n c l u d i n g  p l as m i d  
pr epara t i o n s  f o r pB R3 2 5 , YE p2 , p B R3 2 2 , YE p l 3 , a n d  pZ l O O O ) 
ran ged f r om 2 0 0  t o  3 5 0  u g  o f  D NA/m l . 
YIAST TRANS FORMAT ION PROC BD URBS 
YE p l 3  a n d  pZ l O O O  p l asm i d  DNA was i n t r o d u c e d  i n t o  
var i ou s  yeas t s t r a i n s ( S S U l O , AH2 2 , Y- 2 0 3 4 a n d  Y - 1 5 7 2 ) b y  
t he fo l l ow i n g  p r o c e d u r e s . G r ow t h  f r om a n  i s o l a t e d c o l o n y  
of the yeas t s t r a i n  t o  b e  t r ans fo rmed w a s  t ak en f r om a YPD 
p l a t e  i n c ub a t e d  o v e r n i gh t  and i n o c u l a t e d i n t o  5 ml  o f  YPD  
b ro t h . I n c ub at i on was c a r r i ed out s t at i c a l l y  o v e rn i gh t  at  
0 
3 0  C , r e s u l t i n g  i n  a s t at i onary phas e c u l t u r e . D up l i c a t e 
1 0 0  m l  qua n t i t i e s  o f  YPD i n  2 5 0  m l  f l as k s  we r e  e ach 
i n o c u l a t e d w i t h 2 m l  from t h i s  s t at i on a r y  c u l t u r e . T h e  
0 
f l a s k s  w e r e  i n cub at ed at  3 0  C on a gy r a t o ry s hak e r  a t  1 6 0 
rev/ m i n .  
W h i l e t h e  f l as k s  were i n cub a t i n g , r e g e n e r a t i on a g a r s  
( s e e  b e l ow )  w e r e  p r e p a r e d a n d  m i n ima l med i um p l a t es made 
0 
p r e v i o u s l y  w e r e  w a rmed t o  4 7  C .  M i n ima l m e d � um c o n t a i n s  1 M 
D - s o rb i t o l , 2 �  D - g l u c o s e , 6 . 7 g/ l i t er D i fc o  y e as t n i t r o ge n  
b as e  w i t hou t am i n o  ac i ds b u t  w i t h  s u l fa t e  an d 2 �  aga r . 
I n gr ed i en t s  we r e  a u t o c l av ed s e p a r a t e l y  an d t h e n  c omb i n e d . 
Two t yp es o f  r e ge n e r a t i o n  aga r we r e  p r e p a r e d  a n d  
3 1  
u s e d , r e g en er a t i o n  a g a r  c on t a i n i n g  t he am i n o  ac i ds L- l euc i n e  
a n d  L - i s o l e uc i n e  a n d  r e ge n e r a t i o n a g a r  w i t ho u t  a n y  L- l euc i n e  
+ +  
or L - i s o l e uc i n e , h e r e a f t e r r e fe r red to  as r e ge n  aga r , and 
r e ge n  a g a r , r e s p ec t i v e l y .  Re g e n  agar c o n t a i ns p e r  l i t e r  
1 5 8 . 6g D - s o rb i t o l ; 8 . 7 m l  YPD b r o t h ; 1 7 . 4  g D - g l uc os e , 
1 8  m g  e a c h  o f  a de n i n e s u l fa t e , u r ac i l , L - t r y p t o p hane , 
L-hi s t i d i n e  hyd r o ch l o r i de , L - a r g i n i n e , an d L-me t h i on i n e ; 2 7  
• g  e a c h  o f  L - t r yo s i n e  a n d  L- l ys i n e h y d r o c h l o r i d e ; 4 5  m g  L -
phen y l a l an i n e ; 9 0  m g  each o f  L- g l ut am i c  ac i d ,  L - a s p ar t i c  
ac i d , L - v a l i n e , L- t h r e o n i n e , a n d  L- s e r i n e ; 6 . 8 2 g B ac t o  
yeas t n i t r o ge n  b a s e  w i t ho u t  am i n o  ac i ds an d w i t h  ammo n i um 
+ +  
s u l fa t e an d 3% a g a r . Regen agar c on t a i n s  t he s am e  
i n g r ed i e n t s  p l us , p e r  l i t e r , 2 7  m g  L - l e u c i n e  a n d  2 7  mg L -
i s o l eu c i n e . A l l i n d i v i du a l  med i a  c o n s t i t ue n t s  w e r e  
au t o c l av e d  s e p a r a t e l y , a n d  t he n  w e r e  c omb i n e d  as ep t i c a l l y .  
0 
Regen a g a r s  we r e  s t o r e d  a t  4 7 C un t i l  r e qu i r e d  b u t  a f t e r  2 4  
h a l l u n u s ed r e gen a ga r s  w e r e  d i s c a r de d . 
Ye as t c e l l s we r e  c o l l e c t e d  from o n e  o f  t he f l as k s 
fo r t r an s forma t i on when t h e  ab s o rb an c e  i n  a dup l i c a t e f l ask 
a t 5 2 0  n m  was a p p r o x i ma t l y  3 . 0 .  T h i s  c o r r e s p o n ds t o  1 . 0  t o  
3 2  
7 
2 . 0  x 1 0  c e l l s /m l  ( as d e t e rm i n e d  f r om a p re v i o u s  g r ow t h  
c u r v e ) . The c e l l s we re h a r v e s t ed b y  c e n t r i f u g a t i o n a t  9 , 1 7 9  
x g fo r 7 m i n  a t  r o om t emperat u r e . The p e l l e t e d c e l l s  w e r e  
washed b y  r e s u s p e n d i n g  t hem i n  1 0  • 1  o f  1 M D - s o rb i t o l  a n d  
t hen t he y  we r e  s e d i men t e d at 3 , 0 1 5 x g f o r  5 m i n  at  r o om 
t e•p e r a t ure . The was h s t ep was rep e a t e d  an d t h e pe l l e t ed 
c e l l s we r e  r e s u s p e n d e d  i n  2 m l  o f  1 M D - s o rb i t o l  t o  wh i c h 
was added an a dd i t i on a l  2 m l  o f  1 M D - s o rb i t o l  c o n t a i n i n g  
1 . 0  • g  o f  Z ym o l a s e  5 0 0 0  ( K i r i n  B r ewery C o . ) .  I n c ub a t i on 
0 
fo l l owed a t  3 7  C w i t h  i n t e rm i t t en t  s h ak i n g  f o r  o n e  h o u r . 
F o l l ow i n g  i n c ub a t i on t h e d e g r e e  o f  s p he r op l as t i n g  was 
de t e rm i n e d  by m i x i n g  app r o x i mat e l y  1 0 - 2 0  u l  o f  c e l l s w i t h  a 
d r op o f  1 0� w/ v s o d i um d o decy l s u l f a t e  ( S D S ) a n d  e x am i n i n g  
t he p r e p a r a t i on un d e r  a phas e c on t r as t m i c r o s c o p e . 
I n c ub a t i on was e x t e n d e d  i f  l e s s  t han 9 0 %  o f  t he c e l l s l y s e d 
t o  f o rm ghos t s . 
S uc c e s s ful s ph e r o p l as t i n g  was fo l l ow e d  b y  
ce n t r i fuga t i on o f  t he c e l l s a t  1 , 9 3 0  x g f o r  5 m i n  a t  r o om 
t empe r a t u r e . C e l l s w e r e  n ex t  gen t l y  r e s u s p e n d e d  i n  2 m l  o f  
1 M D - s o rb i t o l  a f t e r wh i ch w a s  added a n  add i t i o n a l  8 m l . 
C en t r i fu g a t i on fo l l owed under t he s ame c o n d i t i on s  and t hen 
t h e pe l l e t  was r e s us p e nded in 9 m l  of a m i x t u r e  c o n t a i n i n g  
9 pa r t s  1 M D - s o rb i t o l  t o  1 p a r t  1 0 0  mM t r i s  h y d r o c h l o r i d e 
{ p H 7 . 5 )  w i t h 1 0 0  mM C aC l  . Ne x t  c e n t r i f u g a t i o n a t  1 , 9 3 0  x g 
2 
fo r 5 m i n  a t  r o om t empe r a t ure was c a r r i e d  o u t  f o l l owed b y  
res u s p en s i on o f  t h e  c e l l s i n  9 m l  o f  t h e  s am e  m i x t ur e . A t  
3 3  
t h i s  p o i n t  t w o  1 0  u l  s amp l e s ( c o n t r o l s ) o f  c e l l s w e r e  
+ +  
remo v e d , o n e  s am p l e  w a s  added t o  1 0  m l  o f  mo l t en r e gen agar 
and t he o t he r  was added t o  1 0  ml of r e g e n  a g a r . The c e l l s 
we r e  m i x e d  i n t o  t he agars b y  i n v e r s i on and p l at ed as 
ov e r l ays ( ap p r ox i m a t e l y  5 m l  per p l a t e )  o n  m i n i ma l  med i um 
p l a t e s . The o v e r l ays w e r e  a l l ow e d  t o  s o l i d i fy an d t h e  
0 
p l a t e s we re a f t e rw a r ds i n v e r t e d  and i n c ub a t e d a t  3 0  C .  
P l as m i d  DNA , 4 ug i n  1 1 . 5  t o  2 0  u l  TB b uf f e r  
( p r e p a r a t i o n d e s c r i b e d  i n  " P l as m i d  D NA P r e p a r a t i o n  a n d  
Pur i f i c at i on " ) ,  was added t o  t h e  r em a i n i n g  c e l l s , a n d  t he 
m i x t u re was s t i r red ge n t l y  and i n c ub a t e d s t a t i c a l l y  f o r  1 5  
m i n  a t  r o o• t em p e r at u r e . A f t e r  i n cub a t i on , 5 m l  o f  a 
a i x t u r e  c o n t a i n i n g  9 p a r t s  o f  4 4 '  p o l ye t hy l e n e g l yc o l ( S i gma 
PEG 4 0 0 0 ) and 1 p a r t  t r i s : C aC l  ( 1 0 0  mM t r i s , pH 7 . 5 ;  1 0 0  mM 
2 
C aC l  ) was a d d e d  and t he s u s p en s i on was m i x e d  g en t l y  an d 
2 
i nc ub a t e d s t a t i c a l l y  a t  r o om t emp e r a t u r e  fo r 1 0  m i nu t e s  The 
c e l l s w e r e  t he n  sed imen t e d b y  c e n t r i fu g a t i o n at 1 , 9 3 0  x g 
f o r  3 m i n  a t  r o om t em p e r a t u r e . The p e l l e t  w a s  r e s u s pen ded 
in  5 ml  of  a m i x t u re c o n t a i n i n g  9 par t s  of  1 M D - s o rb i t o l  
and 1 p a r t  t r i s  : C aC l . A 2 0  u l  s am p l e  o f  t he p l as m i d  
2 
t re a t e d  c e l l s  was r em o v e d  f o r  a p o s i t i v e  c on t r o l  a t  t h i s  
+ +  
po i n t . I t  was m i x ed w i t h 1 0  m l  o f  mo l t e n  r e g e n  a g a r  a n d  t h e 
a i x t u r e  was o v e r l a i d  o n  s ev e r a l  m i n i m a l  m e d i um p l at e s . The 
t re a t e d  c e l l s r e ma i n i n g we re added to 90 m l  o f  mo l t e n  
r egen agar w h i ch w a s  t hen i nv e r t ed s ev e r a l  t i m e s  an d 
o ve r l a i d  on a p p r o x i ma t e l y  15  p l a t e s  as ab o v e . A l l  p l a t e s 
f r om t he ab o v e  p r o c e dur e were i n ve r t ed and i n c ub a t ed a t  
0 
3 0  c .  
A n umb e r  o f  yeas t c o l on i e s v i s i b l e  a f t e r  s ev e r a l  
days o f  i n c ub at i on o n  t he r e ge n  agar p l a t es w e r e  checked 
f o r  b e t a- ga l a c t o s i das e p r odu c t i o n  b y  p l a t i n g  g r o w t h  s amp l e s  
o n  r e gen i n d i c a t o r  p l a t es con t a i n i n g  5 -b r omo- 4 - c h l o r o- 3 
3 4  
i ndo l y l , B -D ga l ac t o s i d e " X G "  ( f rom B ac hem I n c . ) .  I n d i c a t o r  
p l at es c o n t a i n e d r e g e n  agar w i t h  8 0  u g j m l  " XG "  ( d i s s o l v e d  
i n  2 m l  o f  d i me t h y l  fo rmam i de p e r  l i t e r o f  r e g e n  med i um ) . 
The c a rb ohydr a t e  s ou r c e  was gen e r a l l y  2 %  D - g l uc o s e , howeve r , 
4� l ac t o s e  an d c omb i n a t i o n s  o f  t he t w o  w e re a l s o u s e d . 
S en s i t i v e  b l u e  p l at e s w e r e  a l s o  us ed f o r  s c r e e n i n g  
t r an s f o rmed yeas t c o l o n i e s for t he p r o d uc t i o n  o f  b e t a-
ga l ac t o s i das e . S en s i t i v e  b l u e  med i um c o n t a i n s  p e r  l i t e r 
1 3 . 6 g KH PO , 2 . 0  g ( NH ) S O  , 4 . 2  g KO H ;  0 . 2  g M g S O  . 7 
2 4 4 2 4 4 
H 0 ,  0 . 5 3 mg F eC I . 6 H 0 ,  0 . 4  ug t h i am i n e h y d r o c h l o r i de , 
2 3 2 
0 . 0 2 u g  D - b i o t i n , - 0 . 4 8 ug pan t o t hen i c  ac i d ,  8 . 0  u g  
i n os i t o l , 0 . 4  u g  p y r i d ox i n e , 3 0  mg h i s t i d i n e  h yd r o c h l o r i de , 
4 0  m g  " XG "  d i s s o l v e d  i n  2 m l  o f  d i me t hy l fo rmam i de , 2 0  g D -
g l uc o s e ,  an d 2 0 g  agar . T h e  v i t am i n s  w e r e  au t o c l av e d  
s epar a t e l y  fr om t he g l uc o s e  and agar wh i c h  we r e  a u t o c l a v e d  
t o ge t h e r .  A l l  o f  t h e  o t he r  me d i um comp o n e n t s  w e r e  m i x e d 
and a u t o c l av e d s e p a r a t e l y  ( e x c e p t " XG "  wh i c h  was adde d l a s t  
0 
an d was n o t au t o c l av e d ) . A f t e r  co o l i n g  t o  6 0  C a l l 
coapon e n t s  w e r e  c omb i n ed an d m i x e d . B o t h t he i n d i c a t o r  
a n d  t he s e n s i t i v e b l ue p l a t e s o n c e  i n o c u l a t e d w e r e  i n c ub a t e d 
0 
( a f t e r  b e i n g w r apped i n  c e l l op han e ) a t  3 0  C .  
� �  �Q�! TRANS FORMATION PROC EDURE S 
T ran s f o rm a t i on was accomp l i s h e d  f o r  �� £ 2 ! ! s t ra i n s  
C S H 1 8  a n d  LG 9 0  us i n g  a c a l c i um c h l o r i de p r o c e d u r e  ( 5 0 )  w i t h 
t he fo l l ow i n g  c h a n g e s  and m o d i f i cat i on s . The amo un t  o f  
3 5  
p l as m i d  D NA was 1 1 9 i n s t ead o f  4 0  n g  o f  D NA i n  0 . 5 u l  o f  TE 
b uffe r . B as i c g r ow t h  m e d i um was added ( 1  m l ) t o  each t ub e  
0 
aft e r  t h e  2 m i n  4 2  C heat i n g  s t ep i n s t e a d  o f  L B . B as i c  
g r ow t h  me d i um c o n t a i n s p e r l i t e r  5 g D i fc o  c a s am i n o ac i ds 






2 4 2 4 4 2 4 
c i t r a t e . 2 H  0, 0 . 1 5 g t h i am i n e  h y d r o ch l o r i d e , 0 . 1 g 
2 
• 7 H  0 ,  an d 1 0  g l a c t os e . The B as i c G r ow t h  M e d i um 
2 
a t  s t ep 8 i n  1 m l  quan t i t i e s ) was s ep a r a t e d  i n t o  two 
p a r t s , one pa r t  was a d j u s t e d t o  50 ug/ m l  am p i c i l l i n wh i l e 
t h e  o t h e r  ( t o b e  u s e d  f o r  t r an s fo rm a t i on c o n t r o l s ) r e c e i v e d 
n o  aap i c i l l i n .  B as i c  G r ow t h  agar p l a t e s w i t ho u t  am p i c i l l i n 
and c on t a i n i n g  4 0  u g/ m l  " XG "  ( added b y  d i s s o l v i n g  4 0  m g  XG · 
i n  2 m l  o f  D i m e t hy l  fo rmam i de p e r  3 l i t e r s o f  b as i c  g r ow t h  
a ga r ) we r e  us e d  w i t h  t he s p r e ad i n g  ( i n p l a c e  o f  t he t op 
agar ) p r o c e dur e . P l a t es w e r e  l e f t a t  r o om t em p e r a t u r e  un t i l  
•os t o f  t h e  f l u i d  was ab s o rb e d  b y  t he agar an d w e r e  t h en 
0 
i n v e r t e d and i n cub a t e d  a t  3 7  C fo r s e v e r a l  days . B a s i c  
g r ow t h  a g a r  p l a t e s w i t ho u t  amp i c i l l i n a n d  c o n t a i n i n g  4 0  
ug/m l XG an d a 1 %  g l uc o s e  c o n c en t r a t i on i n  p l ac e  o f  l a c t o s e  
· w e r e  a l s o  us ed a s  c o n t r o l  p l a t es . 
3 6  
RE SULTS 
T I TB RS OY LAMB D A  C l 857S7 LAC5 FROM I§�BBR!2B!A �Q�! Y-MB L 
The i n i t i a l  ob j e c t i v e o f  my r e s e a r c h  was t o  ob t a i n  a 
s u f f i c i en t  quan t i t y o f  l amb da C l 85 7 S 7  l ac 5  s o  as t o  have 
adequa t e  l ac 5  D N A  for yeas t and �� £Q! i t ra n s f o rma t i o n . 
T e s t s  we r e  t he r e fo re made t o  de t e rm i n e  t he l e v e l  o f  phage 
i n o cu l um r e qu i r e d  f o r  max imal  p o s t i n fe c t i on t i t e r s . Tab l e  
3 s hows t he r e s u l t s  ob t a i n-ed fo ! l ow i n g  t h e p r o ce d u r e 
des c r i b e d  o n  p ag e s  1 5 - 1 6  for l a r g e  s c a l e  pha g e  p r o du c t i on . A l l 
l ys a t e  t i t e r s  we r e  de t e rm i n ed ( i n dup l i c a t e )  o n  1 l i t e r  Y-
• e l c u l t u r e s  g r own i n  NZ YD T b r o t h  a t  1 8  h p o s t i n fe c t i on . 
7 
T ab l e  3 s h ow s  t ha t  5 . 0  x 1 0  i n fe c t i n g  p h a g e  p a r t i c l e s on 
7 
3 . 5  x 1 0  Y-m e l c e l l s  gave t h e  g r eat e s t  p o s t  i n fe c t i on 
1 0  
t i t er , n am e l y  3 . 8  x 1 0  p a r t i c l e s / m i . 
LARGB SC ALI LAMBD A  C l 85 7S7 LAC 5 GROWTH AND PART I C LE 
RBCO VKRY 
T h e  p r o c edure u s e d  fo r t i t e r i n g  ( T ab l e  3 )  was 
emp l o ye d  to ob t a i n  a l a r ge e n o ugh popu l a t i o n o f  C l 85 7 S 7  l a c5 
for adequ a t e  l a c5 t r an s fo rm i n g  D NA . The p h a g e  i n o cu l um 
{ f rom phage s t o c k  B )  f o r  e ach l i t e r  o f  b r o t h c u l t u r e  was 5 . 0  
7 
x 1 0  p ar t i c l e s a n d  4 l i t e r s  o f  �� £ Q ! !  Y-m e l { c on t a i n i n g  
7 
3 . 5  x 1 0  c e l l s e ach ) w e r e  i n fe c t ed . 
L a r ge s c a l e  i n o c u l a t i o n , g r ow t h  a n d  r e c o v e r y  o f  
L amb da C l 85 7 S 7  l a c 5  p r o g r e s s e d  we l l  a s  m o n i t o re d  b y  t i t e r s  
c o l l e c t e d a t  v a r i o us s t eps dur i n g  t h e  p r o c e d u r e .  The f i n a l  
3 7  
TAB L E  3 .  T i t e rs ob t a i n ed f r om v a r i o us s i z ed l amb da C 1 85 7 S 7  
l ac 5  i n f e c t i on s  o f  ��£h�ri £hi� £Q !i Y-m e l 
I n fe c t i n g  phage 
a 
p a r t i c l es 
1 
5 . 0  X 1 0  
2 
5 . 0  X 1 0  
3 
5 . 0  X 1 0  
4 
5 . 0  X 1 0  
5 
5 . 0  X 1 0  
6 
5 . 0  X 1 0  
7 b  
5 . 0  X 1 0  
B 
5 . 0  X 1 0  
a 
P o s t i n f ec t i o n t i t e r  
p a r t i c l e s /m l  
8 
7 . 0  X 1 0  
8 
5 . 6  X 1 0  
8 
4 . 5  X 1 0  
9 
4 . 8  X 1 0  
1 0  
1 . 5  X 1 0  
1 0  
2 . 6  X 1 0  
1 0  
3 . 8  X 1 0  
1 0  
3 . 1 X 1 0  
L amb da C l 8 5 7 S 7  l ac5 p a r t i c l e s we r e  f r om p h a g e  s t oc k  B ,  
1 0  
a c o n c e n t r a t e  wh i c h had 1 . 3  x 1 0  p a r t i c l e s / m i . A l l 
i n fe c t e d  g� £ Q l !  Y-me l cu l t ur e s  had a s t a r t i n g p o p u l a t i on o f  
7 
ap p r o x i ma t e l y  3 . 5  x 1 0  ( i n 0 . 3  m l ) . 
b 
T h i s  w a s  t h e  c o n c e n t r a t i on u s e d  f o r  a l l f ur t h e r  
p r o c e du r es . 
1 0  
t i t e r  w a s  1 . 4 1 x 1 0  phage/ m i . S om e  p r ob l em s  w e r e , 
howe v e r ,  e n c o u n t e red a t  t he 3 s t e p b l o c k  g r a d i e n t  p r o c edure 
( pages 1 7 - 1 8  " Ma t e r i a l s  and M e t h o ds " ) .  Phage p a r t i c l e s 
t yp i c a l l y  s e d i me n t  upon c e n t r i fugat i o n o f  t h i s  s o r t  o f  
g r ad i e n t  as a h a z y  b l u i s h b an d  b e tween t he 1 . 4 5 an d 1 . 5 0 
g / m l  c e s i um c h l o r i de i n t e r face ( D .  Dan i e l s ) . 
3 8  
Repe a t e d  c e n t r i fugat i on runs , howev e r , d i d  n o t  y i e l d  b an ds 
a t  t h i s  l o c a t i o n . The g r ad i e n t s  i n s t e ad had a s l i gh t l y  haz y 
a r e a  b e t w e e n  dens i t i e s o f  1 . 5 0 an d 1 . 1 5 g /m l . T h i s  f l u i d  
when c o l l e c t e d  ( 3 m l  p e r  g r ad i e n t )  an d c omb i n e d  p r o v e d  t o  
c on t a i n  t h e  p h a g e . I t  had a r e f r ac t i v e  i n dex o f  1 . 3 7 9  and a 
dens i t y  o f  1 . 4 7 9  g/ m l . 
S ev e r a l  o t h e r  b an d s  were p r e s en t  i n  t h e  s t e p 
g r ad i e n t s  b e s i de s  t he ha z y  b an d . O n e  o f  t h e s e , a haz y b a n d  
l oc a t e d  a t  t he 1 . 7  an d 1 . 5  g/m l i n t e r fa c e  d i d n o t  c o n t a i n  
phage a n d  was p r ob ab l y  b a c t e r i a l  pro t e i n s . An o t he r  b an d  o f  
c e l l u l a r deb r i s  ( p rob ab l y  l i p i d  con t a i n i n g ) w a s  found 
b e t w e e n  t he m i n e r a l  o i l  r e g i o n an d the 1 . 1 5 g / m l  i n t e r f ace . 
The p h a g e  con t a i n i n g  f l u i d  f r om 6 r e p l i c a t e  s t ep 
grad i e n t s  was adj us t ed w i t h  s o l i d ces i um c h l o r i de t o  1 . 5  
g/m l an d t he m i x t u r e  was c en t r i fu ged f o r  2 4  h t o  f o rm a n ew 
grad i e n t . T h i s  g r ad i e n t  had a s i n g l e  ha z y  b l u e b an d  w i t h a 
r e f r ac t i v e  i n dex o f  1 . 3 8 0 and a dens i t y  o f  1 . 4 9 0  g /m l . The 
b l ue b a n d  c o n t a i ned t he phage wh i c h we re fur t he r  p u r i f i ed 
and c o n c e n t r a t e d  acc o r d i n g to t he p r o c edure d e s c r i b e d  i n  
"Ma t e r i a l s  a n d  Me t hods " ( p age 1 8 ) . The f i n a l  p r oduc t ( 3 . 5  
1 2  
m l ) was a den s e  s us pe n s i o n o f  p hage ( 6 . 5 x 1 0  phage/ m l ) . 
The p e r c en t a g e  o f  phage p a r t i c l e s r e c o v e r e d , . ( w i t h p o s t 
1 0  
i n fec t i on t i t er o f  1 . 4 1 x 1 0  ) w a s  4 0 . 3 4 � . I t  was 
c a l c u l a t e d as fo l l ows : 
1 2  
( 6 . 5  x 1 0  phage/m l )  ( 3 . 5  m l ) 
3 9  
p e r c e n t 
r ec o v e r y  = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X 1 0 0  = 4 0 . 34% 
10  
( 1 . 4 1 x 10  phage/m l )  ( 4 0 0 0  m l ) 
PURIFICATION O F  LAMBDA C 1 85 7 S 7  LAC5 DNA 
L amb d a  C l 8 5 7 S 7  l ac5 gen ome D NA was r e c o v e r e d  f r om 
t he den s e  phage s us pe n s i on b y  a me t h od r e fe r e n c e d  on p a g e  1 8  
o f  " Ma t e r i a l s  and M e t ho d s '' . F o l l ow i n g  r e c o v e r y , t he p h age 
D NA c o n c en t r a t i on and i t s d e g r e e  of p ro t e i n  c o n t am i n a t i � n 
were d e t e rm i n e d  f rom ab s o rb ance read i n g s  a t  2 8 0  and 2 6 0  om . 
The ab s o rb an c e  r e ad i n gs a t  2 8 0  and 2 6 0  n m  w e r e  0 . 2 3 5  an d 
0 . 4 6 6 , r e s p e c t i v e l y ,  an d t h e 2 8 0  / 2 60 r a t i o was t h e r e fo r e 
0 . 5 0 4 . Th i s  r a t i o  i n d i c a t ed t he C 1 85 7 S 7  l ac 5  D NA 
p r ep a r a t i o n c o n t a i n ed m i n ima l p r o t e i n c o n t am i n a t i o n . B y  
•u l t i p l y i n g  t h e  v a l u e o f  t h e  2 6 0  nm r e ad i n g  ( c o r r e c t e d for 
d i l u t i o n )  t i me s t he 5 0  ug/m l v a l ue expec t e d f o r each 
i n c r e a s e o f  1 . 0  in  ab s o rb an c e  ( 45 ) , a f i n a l  D NA 
c o n c e n t r a t i o n o f  2 3 3  u g/ m l  was c a l c u l a t e d . T h e  t o t a l D N A 
rec o v e ry was 8 1 5 . 5  u g . 
MAKING FRAGME N T S  FROM LAMB DA C l 85 7 S 7  LAC 5 GB NOMB W I TH 
BIND III 
A r es t r i c t i on e n donuc l e a s e  d i ge s t was made o f  
C l 85 7 S 7  l ac 5  D NA . The i n t en t i o n was t o  s e pa r a t e  l ac5 D NA 
f r om o t h e r  n on l ac D NA . T o  ach i ev e  t h i s , t h e  D NA was 
r e s t r i c t e d  w i t h H i n d i i i .  The r e s u l t i n g  2 5 , 7 3 7  b as e  pa i r  
l ac5 f r a gm e n t  w a s  r e c ov e r e d  b y  agar o s e  g e l e l e c t r op h o r e s i s  
fo r fu r t he r  man i p u l a t i o n . 
MO LE C U LAR WEIGHTS OF HINDIII LAMBDA CI85 7 S 7  LAC 5 D NA 
FRAGME NTS 
Mo l e c u l a r  we i ght e s t imat es of L amb da C l 8 5 7 S 7  l a c5 
DNA f r a gme n t s  ob t a i ne d  by H i n d i i i  d i ge s t i on w e r e  ob t a i n �d . 
Th i s  was a c c om p l i s he d  b y  c o e l e c t r o p h o r e s i n g  t he d i ge s t  
( 0 . 8ug ) i n  p a r a l l e l  w i t h kn own f r agmen t s  o f  L amb d a  C l 8 5 7 S 7  
4 0  
and fo l l ow i n g  e l e c t r op h o r e s i s , compa r i n g  t he d i s t an c e s  moved 
by t h e  k n own f r a gmen t s  w i t h t h e d i ge s t f r a gmen t s . A 
c omme r c i a l l y  ob t a i n e d  H i n d i i i  d i ge s t  o f  C l 85 7 S 7  D NA was us ed 
as t h e s o u r c e  of t he k n own f r a gmen t s  ( 0 . 9  ugj ge l t r a c k ) when 
s uch c omp a r i s on s  were made . 
F i gu r e  1 ghows a power c u r v e  f i t ( P .  E v e n s on , 
p e r s o n a l  c ommun i c a t i on , D e p t . o f  P l an t  S c i en c e , S o u t h  D ak o t a  
S t a t e  Un i v e r s i t y ,  B r o o k i n gs , S o u t h  D ak o t a ) . M o s t  o f  t h e 
n e ce s s a r y  i n fo rm a t i on was ob t a i n ed b y  r e l a t i n g  f r a gmen t  
mo l e c u l a r  we i gh t s  t o  d i s t an c e  mo v e d  i n  t he a g a r o s e  ge l .  ( F .  
S an g e r , p e r s o n a l  commun i c a t i o n , P o s t  G r a dua t e  S ch o o l o f  
Me d i c i n e , Un i v e r s i t y  o f  C amb r i d ge ,  C amb r i d ge , E n g l an d . ) 
I n  t h i s c u rv e , l o g a r i t hm i c  va l ue s  fo r b o t h  
fr agme n t mo l e c u l a r we i gh t  and t he d i s t an c e  t r a v e l e d  we re 
us e d  a n d  i t  w a s  a s s umed t hat the d i s t an c e  t r av e l e d by e ach 
f r agmen t was p r op o r t i o n a l  t o  i t s mo l e c u l a r  we i g h t . T he 
mo l e c u l ar w e i ght v a l u e s  f o r  the s t a r s  i n  F i g u r e  1 w e r e  
i n de p e n de n t l y d e t e rm i n e d  ( F . S a n g e r ) . T he s o l i d c u r v e  s hows 
t he ( s e e  F i gu r e  1 )  p r o j ec t ed m o l ecu l ar w e i gh t s  o f  C l 85 7 S 7  
H i n d i i i  ge n e r a t e d D N A f r agmen t s . Thes e p r o j e c t e d v a l ues 
2 
have a c a l c u l a t ed r o f  0 . 98 .  The c u r v e  s h own i n  F i gu r e  1 
was us e d  t o  de t e rm i ne mo l e c u l a r  we i gh t s  o f  un k n own L amb da 
D NA and p l as m i d  f r agm e n t s . 
4 1  
The n umb e r  o f  b as e  p a i r s  and t he m o l ec u l ar we i gh t s  
o f  H i n d i i i  l amb d a  D NA f r agme n t s  a r e  g i v e n  i n  T ab l e 4 .  
V a l ue s  h e r e  a r e  f o r  s t r a i n s  C l 85 7 S 7  and C l 85 7 S 7  l a c5 . 
F i gu r e  2 s hows a n  a ga r o s e ge l e l e c t ropho r e s i s  s ep a r a t i o n o f  
t he f r a gm en t s  l i s t e d  i n  Tab l e  4 .  O r i g i n s  A a n d  C o f  t he ge l 
b e fo r e  e l e c t r o p ho r e s i s  co n t a i n ed H i n d i i i  r e s t r i c t e d C l 8 5 7 S 7  
l ac5 a n d  C l 85 7 S 7  D NA r e s p e c t i v e l y .  O r i g i n  B c on t a i n e d  
un re s t r i c t e d  C l 8 5 7 S 7  l a c5 DNA . 
OB TAINING THE 2 5 , 7 3 7  B AS B PAIR LAC5 SEGME NT 
6 
The 2 5 , 7 3 7 b a s e  pa i r  ( 1 6 . 7 3 x 1 0  da l t o ns ) f r a gme n t  
( s ee F i gu r e  2 a n d  Tab l e  4 )  r e s u l t i n g  f r om H i n d i i i  
r e s t r i c t i o n o f  L amb da C l 85 7 S 7  l ac5 D NA was a s s um e d  t o  
con t a i n  t h e  l ac 5  s ub s t i t ut i on r e g i on . The b as i s  f o r  t h i s  
as s ump t i o n  c an b e  found i n  t he " D i s c us s i o n "  s e c t i o n o f  t h i s  
p ap e r  un d e r  " c omp a r i s on o f  C l 85 7 S 7  and C l 85 7 S 7  l ac 5  
genomes " .  The n e x t  t as k  fo l l ow i n g i den t i f i c a t i o n o f  t he 
2 5 , 7 3 7  b a s e  p a i r f r agm e n t  was t o  s c a l e up t he p r o c edur e t o  
4 2  
F i g .  1 .  Powe r C u rve F i t  re l a t i n g  mo l e c u l a r w e i g h t  i n  da l t ons 
to  d i s t an c e  m i grat ed t h r ough a g a r os e g e l o f  L amb da 
C l 8 5 7 S 7  H i n d I I I r e s t r i c t i o n  f r a gme n t s . The s o l i d 
l i n e  c o n n e c t s v a l ue s  r e p r e s en t i n g  p r o j e c t e d 
mo l e c u l a r we i gh t s  de t e rm i ned f r o m t h e e q ua t i o n 
b 
y = ax whe r e : 
y i s  equ a l  t o  fr agm e n t  mo l e cu l a r  w e i g h t  i n  
da l t o n s  
x i s  e qua l t o  d i s t an c e  fr agmen t  m i g r a t e d  t h r o ugh 
aga r o s e  g e l in m i l l i m e t e r s  
a i s  a c o n s t an t  equa l t o  7 , 8 2 6 , 3 5 8  
b i s  a powe r fun c t i o n equa l t o  ( - ) 1 . 9 2 
S t a r s  s how v a l u e s  r ep r e s en t i n g  t h e  a c t u a l  mo l e c u l a r  
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D I S T A N C E M I G R A T E D  C m rn )  
T A B L E  4 .  S i z e s  o f  H i n d i i i  f r a gmen t s  o f  C l 8 5 7 S 7  and 
C l 85 7 S 7  l ac 5  
Phage s t r a i n  
F r agme n t t C l 85 7 S 7  C l 8 5 7 S 7  l ac 5  
B as e  
P a i r s  
8 1 2 5  
7 5 6 4  
6 . 2 ' 0 2 8  
5 2 , 3 2 2  
4 4 , 7 3 1  
3 6 , 5 5 7  
2 9 , 4 1 9 
1 2 3 , 1 3 0  
M o l 
a 
W t . 
0 . 0 8 
0 . 3 7 
X 
X 
1 .  3 2 - X 
1 . 5 1 X 
2 . 84 X 
4 . 2 6 X 
6 . 1 2 X 
1 5 . 0  X 
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
B a s e  
P a i r s 
6 






2 , 3 2 2  
6 
4 , 7 3 1  
6 
6 , 5 5 7  
6 
9 , 4 1 9  
6 
2 5 , 7 3 7  
Mo l 
b 
W t . 
0 . 0 8 X 
0 . 3 7 X 
0 
1 . 5 1 X 
2 . 84 X 
4 . 2 6 X 
6 .  1 2  X 
1 6 . 7 3  X 
44 
6 
1 0  
6 
1 0  
6 
1 0  
6 
1 0  
6 
1 0  
6 
1 0  
1 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
6 
T o t a l  4 8 , 5 1 6  3 1 . 5  X 1 0  4 9 , 0 9 5 3 1 . 9 1 X 1 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a T h e  v a l ue s  g i v en a r e  i n dependen t l y de t e rm i n e d  m o l e cu l a r 
we i gh t s  ( F .  S an ge r ) .  
6 
6 
b The m o l e c u l a r  we i gh t  v a l ues f o r  f r a gm e n t s  2 - 5 an d # 8  a r e  f r om 
r e fe r e n c e s  9 ,  2 5  and 2 8 . T he me t hod fo r de t e r m i n i n g  t h e mo l e c u l a r 
w e i gh t  f o r  f r a gm e n t  t l  i s  des c r i b e d i n  t h e  t ex t , h e r e  a mo l e c u l a r 
we i gh t  o f  6 5 0  da 1 t o n s  p e r  b as e  pa i r  was as s um e d .  T he s i z e  o f  
f r agme n t t 7  i s  a n  app r ox i m a t e  v a l ue b as e d  on v a r i ou s  r es t r i c t i on 
maps ( 2 8 ) . 
4S 
F i g .  2 .  A ga r o s e ge l e l e c t r o pho r es i s  of D N A f r om L amb da 
C l 8 S 7 S 7  a n d  C l 8S 7 S 7  l ac 5 . P r i o r  to e l e c t r o p h o r e s i s  
t he o r i g i n s a t  A and C r e c e i v e d H i n d i i i  r e s t r i c t e d 
C l 8 5 7 S 7  l a cS ( 0 . 5  ug ) and C l 8 S 7 S 7  ( 0 . 9  u g )  D NA ,  
r e s p e c t i v e l y ,  wh i l e t he o r i g i n  a t  t r a c k  8 re c e i ved 
O . S  ug u n r e s t r i c t ed C l 8S 7 S 7  l acS D NA . Numb e r s  g i v e  
6 
mo l e c u l a r we i gh t s  i n  d a l t o n s  x 1 0  o f  t he D NA 
6 
f r a gme n t o f  e a c h  band . The 1 6 . 7 3 x 1 0  d a l t o n  D NA 
( t r a c k  A )  c on t a i n ed l acS . The D NA o f  b an d  # 8  ( s ee 
Tab l e  4 )  m i g r a t ed o f f  t he end of t he g e l and so was 
n o t  ob s e rv e d . Ge l s  w e r e  s t a i n e d  w i t h  1 u g / m l 
e t h i d i um b r om i de . 
0 . 3 7 
1 . 5 1 
2 . 84 
4 . 2 6 
6 . 1 2  
1 6 ·. 7 3  
A B C 
0 . 3 7 
1 . 3 2 
1 . 5 1 
2 . 84 
4 . 26 
6 . 1 2  
1 5 . 0  
4 6  
47 
ob t a i n  s u f f i c i en t  l ac 5  D N A f o r  p l asm i d  i n s e r t i o n and 
t rans format i on . F i gu r e  3 s hows t he l owe r o n e ha l f  o f  a 0 . 6% 
a ga r o s e  g e l s l ab wh i c h  w as e l e c t r o pho r e s e d t o  s e p a r a t e  t h e 
l ac 5  c o n t a i n i n g  f ra gmen t o f  H i n d i i i  r e s t r i c t ed C l 85 7 S 7  l a c5 
D NA f r om t he o t h e r  6 f r agme n t s . 
A t o t a l  o f  4 7  ug o f  H i n d i ! !  C l 85 7 S 7  l a c 5  D NA was 
e l e c t r o ph o r e s e d  a l o n g  1 0  r ep l i c a t e t r a c k s  i n  two g e l s . A 
L amb d a  C l 85 7 S 7  H i n d i i i  d i (e s t  was i n c l ud e d  i n  o n e  s e c t o r  
o f  t h i s  g e l t o  p r ov i de k n own mo l e c u l a r  we i gh t  m a r k e r s . I t  
i s  n o t  s h own i n  F i gu r e  3 .  Rep l i c a t e  ge l b an ds c on t a i n i n g  
t he l ac 5  D NA ( 2 5 , 7 3 7  b as e  pa i r  f r a gme n t ) we r e  c u t  o u t  o f  t h e 
a g a r o s e g e l  f o r  D NA r e c o v e ry . 
The i n i t i a l  m e t ho d  us e d  t o  r e c o v e r  t h e  D NA f r om t h e  
g e l was e l e c t r o e l u t i o n i n t o  d i a l ys i s  b ags ( 5 0 ) . T h i s  me t hod 
was , h ow e v e r , un s a t i s fa c t o ry and s e v e r a l  o t he r  m e t ho d s  w e r e  
t es t ed b e fo r e  a s a t i s fac t o ry o n e  w a s  f o u nd . T h e  
un s a t i s fa c t o ry m e t hods i n c l uded e l e c t r o e l u t i o n o f  D N A  f r om 
t he ge l w h i l e  i n s i de d i a l y s i s memb ran e b a gs , d i r e c t 
e x t r a c t i on f r om l ow m e l t i n g  t emp e r a t u r e  agar o s e  ( 5 0 ) � an d 
p us h i n g  mo l t en l ow me l t i n g  a ga r o s e  co n t a i n i n g  t he D NA 
t hrough an E l ut i p- d un i t . Th e m e t hod f i n a l l y  f o u n d  t h rough 
t r i a l  and e r r o r  for s uc c e s s fu l  D NA r e c o v e r y  i s  d e s c r i b e d on 
p ag e s  2 0 - 2 1 o f  '' Mat e r i a l s  an d M e t hods " .  T h e  k e y  t o  t h e 
s ucc e s s  o f  t h i s  p r o c e d u r e  r e fe r r e d  t o  a s  " c omb i n a t i o n 
p u r i f i c at i on "  was t he us e o f  l ow t emp e r a t u r e  me l t i n g  agar o s e  
fo r e l e c t r o p ho r e s i s . C o n t am i n a t i n g pr o t e i n w a s  a c c e p t ab l y  
4 8  
F i g .  3 .  P r e p a r a t i ve aga r o s e  ge l e l e c t r o p h o r e s i s  u s e d t o  
s ep a r a t e  l ac 5  D NA ( 2 5 , 7 3 7  b as e  p a i r s ) f r om t he o t h e r  
H i n d i i i  gene r a t e d fra gmen t s  o f  C l 8 5 7 S 7  l a c5 L ambda 
g e n ome . The ge l c o n t a i n ed 0 . 6� a g a r o s e  ( S e a  P l aque ) 
P r i o r  t o  e l e c t ropho r e s i s  t he o r i g i n s  a t  A -J e ach 
r e c e i v e d  2 . 3 5 u g  of C l 85 7 S 7  l ac 5  D NA . Numb e r s  g i v e 
6 
mo l e c u l a r  we i gh t s in d a l t on s  x 1 0  fo r D N A i n  e a c h  
6 
b an d . The 1 6 . 7 3 x 1 0  d a l t on D NA i n  t r acks A-J 
c on t a i n ed l ac 5 . A l l e l ec t r opho r e t i c  and s t a i n i n g  
c o n d i t i o n s  w e r e  i den t i c a l  t o  t ho s e  i n  F i g u r e  2 .  
4 9  
- - - 0 . 3 7  
- - 1 . 5 1 
- - 2 . 8 4  
-- 4 . 2 6 
-- 6 . 1 2  
- - 1 6 . 7 3 
A 8 C D E F G H I J 
l ow w i t h  t h i s  me t hod and t he D NA was p u r e  e n o u gh for  
r e s t r i c t i on . 
RICO VBRY O F  6 , 9 2 5  BASB PAIR LAC DNA FROM 25 , 7 3 7  B AS B  PA I R  
FRAGME NT 
The 2 5 , 7 3 7  b as e  p a i r l ac DNA c o n t a i n i n g  f r agm e n t  
r e c o v e r e d b y  " c omb i n a t i on pu r i f i c a t i o n "  w a s  r e s t r i c t e d  w i t h 
5 0  
Kpn l e n do nuc l e a s e  ( p a ge 2 1 - 2 3  o f  " M a t e r i a l s  an d M e t h ods " )  t o  
r em o v e  t h e l a c 5  DNA s e gme n t  ( 6 , 9 2 5  b as e  p a i r s ) f r om n o n - l ac 
DNA . Kpn l r e s t r i c t i on o f  l a c DNA was s uc ce s s fu l  b ut t he 
n umb e r  o f  e n z yme un i t s  r e q u i re d  fo r g o o d  y i e l d s was at l e as t 
doub l e  t he r e c omme n d e d  n umb e r  o f  un i t s  ( New E n g l an d  B i o l ab s  
t e chn i c a l  d a t a ,  n umb e r  1 4 2 ) fo r t he l e v e l  o f  D N A us ed . . I n  
a d d i t i on t h e  r eq u i re d  t im e  o f  i n cub a t i on was l on ge r  t h an 
t ha t  r e c omm e n d e d  ( s e e  " Ma t e r i a l s  and Me t ho d s " p a g e s  2 1 -
2 2 ) . 
F r a gm e n t s  r es u l t i n g  f r om Kpn i d i ge s t i on o f  t h e  
2 5 , 7 3 7  b as e  p a i r  p i ece o f  D NA w e r e  s e p a r a t e d b y  
e l e c t r op h o r e s i s  o n  a 0 . 6� aga r o s e  ge l . F i gu r e  4 shows the 
r e s u l t s . The 6 , 9 2 5  b a s e  p a i r l ac D NA s e gmen t m i g r a t ed ab out 
t he s am e  d i s t an c e  as the t h i rd fragm en t  of H i n d i ! !  d i g es t e d 
C l 8 5 7 S 7  DNA . T h e  6 , 9 2 5  b a s e pa i r  l ac5 D NA s e gm e n t was 
r e c o v e r e d  f r om the ge l ( f i v e  r e p l i c a t es ) as d e s c r i b e d on 
p a g e s  2 1 - 2 3  of " M a t e r i a l s  �nd M e t hods " .  
ADD I NG L I NKERS TO LAC D NA 
The 6 , 9 2 5  b a s e  p a i r  l a c s e gme n t  h ad i t s 3 '  
--
5 1  
F i g .  4 .  P r e p a r a t i v e  aga r o s e ge l e l ec t r o p h o r es i s  us e d  t o  
s ep a r a t e  6 , 9 2 5  b as e  p a i r l ac D NA f r om o t h e r  Kpn l 
ge n e r a t e d  s e gmen t s  o f  t he 2 5 , 7 3 7  b as e  p a i r f r agmen t .  
P r i o r t o  e l e c t r opho r e s i s  the o r i g i n  a t  A r e c e i v e d  
0 . 9  u g  o f  H i n d l l l  r e s t r i c t ed C l 8 5 7 S 7  D N A . T h e  
o r i g i ns a t  B- F r e c e i ve d  at t hat t i me 2 u g  e a c h  of 
t he Kpn l r es t r i c t e d 2 5 , 7 3 7  b a s e p a i r  f r a gme n t .  The 
a ga ro s e g e l  c on c en t rat i on was 0 . 6% and a f t e r  
e l e c t r o p h o r e s i s  i t  was s t a i n e d  w i t h 1 u g / m l e t h i d i um 
b rom i d e . The 2 5 , 7 3 7  b a s e p a i r  f r a gm e n t was h e a t e d  
0 
t o  6 0  C f o r  1 0  • i n  fo l l ow i n g  i t s  p re p a r a t i on w i t h  
H i n d l l l  t o  den a t u r e  t he 1 2  b a s e - p a i r  c o s  s i t e .  Bp  
r e p r e s e n t s  b as e  pa i r s . The 6 , 9 2 5  b p  D NA c on t a i n e d  
l a c5 . 
5 2  
- - -- 1 , 5 2 2  b p 
4 , 7 3 1  
6 , 5 5 7  .... .., - - 6 , 92 5  b p  
9 , 4 1 9 
Jt �1 - 1 7 , 2 9 0  b p  
2 3 , 1 3 0  •r, 
A B c D B F 
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o v e r l app i n g  e n d  r emo v e d  w i t h  e x o n uc l e as e ac t i v i t y  and i t s 5 '  
o v e r l ap p i n g  e n d  f i l l e d  i n  w i t h  n uc l e o t i de s  b y  p o l ym e r as e 
ac t i v i t y .  T h e  p r o c e d u r e s . are d e s c r i b e d  on p a g e s  2 4 - 2 5  i n  
" M at e r i a l s  an d M e t hods " an d we r e  n e c e s s a r y  b e f o r e  b l un t  
ended l i n k e r  D N A cou l d  b e  adde d o n  t o  e a c h  e n d . 
I n  o r d e r  t o  b e  c ov a l en t l y  j o i n e d  t o  e a c h  e n d  o f  t he 
l ac5 s e gaen t ,  t he c omme r c i a l l y  us ed l i n k e r  
( de c ao l i gonuc l eo t i de )  had _ t o  b e  f i r s t  5 ' p h o s pho r y l at e d . 
T h i s  ph o s p ho r y l a t i on was accomp l i s hed w i t h T-4 D NA k i n a s e  as 
de s c r i b e d  on p a g e  2 5  o f  " Ma t e r i a l s  an d M e t h o d s " .  A t r i a l  o f  
t he p h o s pho r y l a t i o n s t e p a n d  t he s ub s e q ue n t  l i g a t i o n w e r e  
p e r fo rm e d  b e f o r eh an d  us i n g  j u s t  l i n k e r  D NA . T h i s  w a s  to 
e n s u r e  t ha t  a l l  p r o c edures wo r k e d  p r ope r l y  b e fo r e l a c DNA 
was us e d . F i gu r e  5 s hows t he r e s u l t s  o f  t h i s  t r i a l . Two 
s amp l e s  ( 1 . 5  u g ) of l i n k e r  D NA were e l e c t ro p h o r e s e d  on a 
0 . 8� a ga r o s e  g e l .  B o t h  s amp l es had p r e v i ous l y  b e e n  
phos pho r y l a t e d b ut t he s amp l e  s hown f r o m  o r i g i n  A had , a s  
oppos e d  t o  t h a t  f r om o r i g i n  B ,  a l s o  b e en t r e a t e d  w i t h  T 4  DNA 
l i g as e . O r i g i n  C c on t a i n ed 0 . 9  ug of H i n d i i i  r e s t r i c t ed 
C l 85 7 S 7  D NA to p r o v i de k n own mo l e cu l a r we i gh t  m a r k e r s . As 
c an be s een f r om F i gure 5 t he phos pho r y l a t e d b u t  un l i g a t e d 
l i n k e r s  f r om o r i g i n  B m i g r a t e d  a t  a fas t e r r a t e  t han any o f  
t he C l 8 5 7 S 7  H i n d i i i  s t andard f r a gmen t s . Th i s  i n d i c a t e d t h a t  
t he l i n k e r s  w e r e  o f  s ma l l m o l e cu l ar w e i gh t . The 
pho s p ho r y l a t e d and l i ga s e  t r e a t e d  l i n k e r s  f rom o r i g i n A,  on 
t he o t h e r  han d , m i g r a t e d  as h i gh e r  m o l e cu l ar w e i gh t  b ands . 
T h i s  i n d i c a t e d t h e l i nk e r s we r e  l i ga t e d t o  e a c h  o t he r  t o  
f orm o l i gome r s  an d p o l ym e r s  o f  v a ry i n g  l en g t h . 
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T h e  l i n k e r i n g  of each e n d  of t he 6 , 9 2 5  b as e  p a i r  l ac 
s e gmen t , wh i ch f o l l owed t he s u c c e s s fu l  t r i a l , w a s  
acc omp l i s he d  i n  t he s ame w a y  t ha t  s e l f- l i n k e r i n g  o f  t he 
decao l i gonuc l e o t i de s  had occur r e d . I t  was n e c e s s a ry t hen 
to  get  r i d  of any ex t r a an d p o s s i b l y i n t e r f e r i n g  ( 5 0 )  
l i n k e r s  ( j o i n e d  e n d  t o  en � )  an d p r ov i de B amB I e n d s . 
The r e fo r e , t he l i n k e r e d , l ac D NA was t r e a t e d  w i t h B am H I  
wh i ch s t a g ga rd l y  cut s t h e  l i nk e r  at m i d- s e c t i on .  I t  was the 
i n t en t  to  s e p a r a t e  t he re l e as e d  l i n k e r s  f r o m  t h e l a r g e r  
6 , 9 2 5  b as e  p a i r  s e gment b y  e l e c t r opho r e s i s . U n f o r t un a t e l y  
b e fo r e , d u r i n g , o r  a f t e r t h i s  e l e c t ro p h o r e s i s , t he 6 , 9 2 5  
b as e  p a i r s e gme n t w a s  l o s t . The exac t s t e p  a t  wh i ch t h e  l ac 
D NA was l os t  i s  n o t  known w i t h  c e r t a i n t y  b u t  i t  p r obab l y  
o c c u r r e d  fo l l ow i n g  e t h an o l  p r ec i p i t a t i on o f  t he D NA . A 
p r ob l em w as e n c o un t ered w i t h  decan t i n g  away t h e e t hano l f r om 
p re c i p i t at ed l ac D NA . The e t h an o l  wou l d  n o t  p o u r  out o f  t he 
s ma l l  m i c r o fu g e  t ub e  t ha t  was us ed , mak i n g  i t  n e c e s s a r y  t o  
t eas e t h e  e t han o l w i t h  a sma l l p i p e t e  t o  t he r im o f  t he t ub e  
whe r e  i t  w a s  r emoved b y  a ge n t l e  f l i c k i n g  o f  t he t ub e . I t  
was m o s t  l i k e l y  h e r e  whe r e  t h e  l os s  o f  t he l ac D N A  o c c u r r e d  
b ecaus e af t e r  t he e t hano l was reaov e d , no p e l l e t ed mat e r i a l 
was ob s e rv e d  at t h e  b o t t om o f  t h e  t ub e . E l e c t r o p h o r e s i s  
( a f t e r B AM H I r e s t r i c t i o n )  o f  t he rema i n i n g ma t e r i a l  i n  t he 
t ub e  v e r i fyed t he l o s s . 
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A l l fu r t he r  wo rk . on i n s e r t i n g t he l ac o p e r o n  i n t o  a 
p l as m i d had t o  b e  d i s c on t i nued a t  t h i s  p o i n t  s i n c e  t h e r e  was 
i n s u ff i c i e n t  t im e  to s t a r t  o v e r  a ga i n  and c omp l e t e  t he 
p r o c e d u r e s  n e c e s s ar y  t o  i n s e r t  l ac 5  i n t o  t h e  i n t en de d  
p l as m i d ,  Y E p l 3 .  I t  was t he r e fo r e  dec i de d  t o  u s e  a l a c  
p l as m i d  t h a t  f o r t un a t e l y  b e c ame avai l ab l e a t  t ha t  t i me , 
( p Z l O O O ) from T .  Z amb ( Mo l e cu l a r  G e n e t i c s  I n c . , M i n n e t onka 
M i n n e s o t a ) , and p u r s ue ye�s t t r an s fo rmat i on w i t h t h i s l ac 
p l asm i d . 
PRIMARY P LASM I D  PUR I F ICAT ION 
P Z l O O O  ( s ou r c e  of l eu g e n e  an d l ac o p e r on ) an d YE p l 3  
( s o u r c e  o f  l e u  g e n e )  p l asm i ds w e r e  ob t a i n e d  f r om t he i r  
r e s pe c t i v e  � �  � Q ! !  ho s t s  MC 1 0 6 6  and HB l O l i n  amoun t s  
s u f f i c i en t  fo r t r an s fo rm a t i on .  The p r o c e du r e s  f o r  t h i s  
r e f e r r e d  t o  h e r e a f t e r  a s  " p r i m a r y  pu r i f i c a t i o n "  a r e  
des c r i b e d  i n  " M a t e r i a l s  and M e t ho d s " ( p a g e s  2 6- 3 0 ) and 
y i e l de d  app r o x i ma t e l y  350 ug/ m l  of p l as m i d  D NA s . 
A B am H I  r e s t r i c t i on d i ge s t  o f  Y E p l 3  D N A  ( p r i o r  t o  
s e c o n d a r y  p u r i f i c a t i o n )  was made t o  de t e rm i n e t he amo un t  o f  
c o v a l e n t l y  c l o s e d  c i r cu l a r D NA p r es e n t  i n  t he p r e p a r a t i o n . 
The d i ge s t ( 1 . 8  u g )  was e l e c t r o p ho r es e d  on a 0 . 6� a g a r o s e 
s l ab g e l  and t he r e s u l t s  a r e  s hown i n  F i gu r e  6 .  A l s o  s hown 
i n  F i g u r e  6 a r e  t h e e l e c t ro pho r e t i c  p a t t e r ns o f  un r e s t r i c t e d  
Y E p l 3  an d a H i n d i i i  d i ge s t o f  C l 85 7 S 7  D NA . Y E p l 3  m o n om e r  
and mu l t i m e r s  c o n t a i n  a s i n g l e  B amH I re s t r i c t i o n s i t e wh i c h 
whe n c l e a v e d  w i t h  B amH I e n do n uc l e as e dec i r c u l a r i z e s  t o  fo rm 
a l i n e a r  mo l e cu l e .  Th i s  l i n e ar form { F i gu r e  6 )  e x h i b i t s  a 
d i f f e r e n t e l e c t r o p h o r e t i c p a t t e r n  t han i t s c i r c u l a r 
p re c u r s o r , • o n om e r  o r  mu l t i • e r  fo r•s . { N .  A l e x a n d e r , 
p e r s o n a l  c omm u n i c a t i o n , No r t he r n  Reg i o n a l  Re s e a r c h  S e r v i c e , 
P e o r i a ,  I l l i n o i s ) .  
AD D I T I ONAL PUR I F I C AT ION O F  YB p l 3  
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A l t ho u gh t r ans fo rma t i o n o f  � �  £ ���Y! � ! � �  was 
accomp l i s hed s uc c e s s fu l l y w i t h  t he p r i m a r y  p u r i f i e d YE p l 3  
p l asm i d  p r e p a r a t i on ( s e e  Tab l e  5 ) , fur t h e r  p u r i f i c a t i on o f  
t he p l a s m i d  w a s  c a r r i e d  o u t  { b e fo r e  t he l o s s  o f  t h e l a c5 
f r agmen t ) .  The p u r p o s e  was t o  ob t a i n  a p r e p a r a t i on w i t h  
a os t l y  t h e  c l os e d c i r c u l a r  fo rm s o  a s  t o  e n h a n c e  t h e  n umb e r  
o f  c o r r e c t l ac s e gm e n t i n s e r t i on s  i n t o  t he B amB I 
r es t r i c t i o n  s i t e  o f  t he p l as m i d . P l as m i d  p u r i f i c a t i o n was 
ac c omp l i s h e d  by p re p a r a t i v e e l ec t r o p ho r e s i s  on 0 . 6% agar o s e  
g e l s . T he s amp l e  D NA wh i c h  m i g r a t e d  f a r t he s t t h r o ugh t h e 
ge l c on t a i n e d  t h e  p l a s m i d i n  a cova l en t l y  c l o s ed c i r c u l a r 
fo rm . T h i s  D NA was r e c o v e r ed b y  e l ec t r o e l u t i o n { 5 0 )  a n d  was 
t hen ex t r a c t e d ,  e t h an o l  p r ec i p i t a t e d an d d i s s o l v e d  i n  TE 
b u f f e r  { 2 0 0  u l ) a s  des c r i b e d  o n  pages 2 1  o f  " M a t e r i a l s  
and M e t ho ds " . T h i s  s o l u t i on was foun d t o  c o n t a i n  1 2 5 ug · o f  
D NA/ m l . 
TRANS FORMAT I ON O F  YBAS T FOR LBU GBNB W I TH pZ l O O O  and YB p l 3  
The i n i t i a l a im o f  yeas t t ran s f o r m a t i on w a s  t o  
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de t e rm i n e whe t he r  t h e pZ l O O O  p l as m i d  was t ak e n  u p  and a n y  o f  
t h e  gen e s  exp r e s s ed . The eas i e s t  o f  t h e s e  gen e s  t o  c h e c k  
fo r s i n c e  i t  was a ye as t gene a n d  wou l d  mos t l i k e l y  b e  
exp r e s s ed i n  y e a s t t r an s f o rman t e  w a s  t he l eu g en e . I t  was 
deeme d l e s s  l i k e l y  t h at t he b ac t e r i a l  l ac o p e r o n  of pZ l O O O 
w ou l d  b e  e x p r e s s e d  i n  yeas t w i t hout s p e c i a l m an i p u l a t i on s . 
The r e fo r e  2 l eu s t r a i n s  o f  � � £�t�Y ! � ! �� . S S U l O  an d AH2 2 , 
were e x p o s e d  t o  p Z l O O O ( " p r i ma r y  pur i f i e d , p a ge 2 6 - 3 0  i n  
+ 
" Ma t e r i a l s  a n d  M e t ho ds " )  and l e u t r a n s fo rman t e  we r e  
s e l e c t e d f o r  o n  r e gen m i n i m a l  med i um . YR p l 3 , an o t h e r  
p l asm i d  t h a t  c a r r i es t he l e u ge n e , w a s  t e s t e d i n  a s i m i l ar 
way w i t h t h e  2 y e as t l euc i n e  aux o t r o p h s . B o t h  p l as m i dB are 
c apab l e  o f  t r a n s fo rm i n g  e i t he r  � �  £Q!! or �� £ � r � Y ! � ! �� 
( 1 4 ) , ( T .  Z amb p e r s o n a l commun i ca t i o n ) . I t  c a n  b e  s e en 
f r om T ab l e 5 ,  whe r e  t he re s u l t s  a r e  s hown t ha t  t h e l e u 
yeas t s t r a i n s  a f t e r  t r an s format i o n w i t h e i t h e r  p l a sm i d  
+ 
s howed l eu t r a n �f o rm an t s  as ev i de n c e d  b y  co l on i e s  g r ow i n g  
o n  r e g e n  a g a r  wh e r e  n o  l euc i n e  was p r e s en t . F i gu r e  7 
s hows 3 d a y  o l d  c o l on i e s o f  � � £�r�Y ! � ! �� S S U l O  g r o w i n g  on 
r e gen a g a r  a f t e r  t he i n o cu l um was f i r s t  t r an s f o rm e d  w i t h  
pZ l O O O . 
F o l l ow i n g  t r ans f o rmat i o n and i n c ub a t i on , c e l l s  f r om 
r an dom l y  s e l e c t e d c o l o n i e s o f  t he t wo s t r a i n s w e r e  p l ac e d  o n  
XG " i n d i c at o r  p l a t es "  w i t h l ac t o s e , g l uc o s e  o r  n o  c a rb ohydr at e 
( " M a t e r i a l s  a n d  M e t ho ds " , page 3 4 ) . The p u r p o s e  was t o  
s c r een f o r  t h e  p r o duc t i on o f  b e t a- g a l a c t o s i d as e o n  t he 
remo t e  chan c e  t h a t  t he l ac o p e r o n  wou l d  b e  e x p r e s s e d un d e r  
0 
o n e  o f  t he c o n d i t i o n s . T he p l a t e s w e r e  i n c ub a t e d  a t  3 0  C 
f o r  3 - 7  d an d t he n  w e r e  check e d  for b l ue c o l on i e s , 
i n d i c a t i v e  o f  b e t a- ga l ac t o s i das e .  Howe v e r , n o  c o l o n i e s o r  
g r ow t h  w e r e  ob s e rv e d  o n  any o f  t he p l at e s  ex c e p t  t ho s e  w i t h 
g l uc os e , a n d  h e r e  t h e c o l o n i es ( o f S S U l O  a n d  AH2 2 ) we r e  n o t  
b l u e  c o l o r e d . 
TRANS FORMAT I ON O F  LAC � �QB�BIQBI� QQ�I C S H 1 8  AND LG-90 
W I TH pZ l O O O  AND YBp l 3  PLASM ID D NA 
A t  t h i s  p o i n t  i t  s e emed p o s s ib l e  t ha t  a l t ho u g h  t he 
p Z l O O O  p l as• i d  was i n c o r p o r a t e d  b y  S S U l O an d AH2 2 and t he 
l e u g e n e  was r e c o gn i z e d , t he l ac o p e r o n  was n o t  func t iG n a l . 
I t  was t h e r e f o r e  n ec e s s ar y  t o  t es t  t h e  p l as m i d  f o r  a 
func t i o n a l  l �c o p e r o n . T h i s  was acc omp l i s he d  b y  e x p o s i n g  
t he l ac � �  £ Q ! !  s t r a i n s  C S H 1 8 an d LG 9 0  t o  p Z l O O O  an d 
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check i n g  f o r  b l u e  c o l o r e d  p Z l O O O  t r an s fo rman t s  o n  l a c t o s e  XG 
ag a r . C o n t r o l s  "i nc l uded C S H 1 8  and LG 9 0  t r a n s fo rmed w i t h a 
n on - l a c p l as m i d  ( YE p l 3 ) an d g r ow t h  c h e c k s  o f  n on - t r an s fo rmed 
+ 
C S H 1 8 , LG 9 0  a n d  w i l d  t yp e �� £ Q ! !  ( l ac ) ( AT C C  No . 2 5 9 2 2 ) .  
T r a n s f o rma t i o n  was c a r r i e d o u t  as des c r i b ed o n  p a ge 
3 5  o f  " Ma t e r i a l s  and M e t h o ds " . The r e s u l t s  o f  t he 
t r ans fo rm a t i o n  t e s t s , s hown i n  Tab l e  6 ,  i n d i c a t e  t h a t  t h e 
p Z l O O O  p l as m i d  h a v e  f u n c t i on a l  l ac Z and Y g e n e s . Th i s  i s  s hown 
by t he ab i l i t y  of pZ l O O O  t r an s fo rmed C S H 1 8  and LG 9 0  to grow 
o n  l ac t o s e  f o rm i n g  b l u e  c o l o r e d  co l on i e s o n  X G  agar . T h i s  
oc c u r r e d  e v e n  when amp i c i l l i n was a l s o  p r e s en t i n  t he med i um 
i n d i c a t i n g  t ha t  t he l ac o p e r o n  was n o t  b y  i t s e l f  b u t  was on 
r 
t he pZ l O O O  p l asm i d  wh i c h ca r r i e s an amp g e n e . The r e s u l t s  
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i n  T ab l e  6 a l s o  i n d i cat e t h a t  t he p Z l O O O  p l asm i d  t r ans f o rmed 
C S H 1 8  and LG 9 0  �� £Q!! to am p i c i l l i n r e s i s t an c e  as we l l  as 
for the l ac o p e r o n . C S H 1 8  and LG 9 0  t r an s fo rm e d  w i t h  Y E p l 3  
a s  e x p e c t e d d i d  n o t  g r ow o n  l ac t o s e  X G  a g a r  a n d  w i l d t yp e  g �  
£Q!! wh i c h i s  k n own t o  c a r ry a l a c o p e r o n  o n  t h e b ac t e r i a l  
chrom o s om e  an d b e  amp i c i l l. i n  s en s i t i v e  f o rm e d  b l ue c o l o n i e s 
when amp i c i l l i n was ab s en t . 
The C S H 1 8  t r a n s f o rman t e  c a r ry i n g  t he p Z l O O O  p l a sm i d  
w e r e  s t r e ak e d  fo r i s o l a t i o n o n  b as i c  g r ow t h  a g a r . F i gure 8 
s hows what  h a p p e n e d  i n  o n e  c as e . F i gu r e  8 A  i l l us t r a t e s  t h e 
r e s u l t s f o r  n o n  t r a n s fo rme d C S H 1 8  ce l l s a n d  F i g u r e  8 8  
i l l u s t r a t e s  t he r e s u l t s  f o r  pZ l O O O  t r a n s f o rm e d  C S H 1 8  c e l l s . 
The b as i c  grow t h  agar c o n t a i n e d  g l uc o s e a s  t h e s o l e  
c a rb o h y d r a t e  s ou r c e  and X G  a s  a b e t a- g a l a c t o s i d as e 
i n d i c a t o r . 
��ggg�BQMX��� ��B�� ����� TRANS FORMAT ION W I TH PZ l O O O  P LASM I D  
FROM C S B 1 8  
P Z l O O O  D NA w a s  amp l i f i e d  i n  an d p u r i f i ed f r om a 
p Z l O O O  t r a n s fo rmed s t r a i n  o f  g �  £Q!!  C S H 1 8  wh i c h had t e s t e d 
pos i t i v e  for b e t a- g a l ac t os i das e .  The p l as m i d  amp l i f i c a t i o n 
and s ep a ra t i on p r o ce dures us e d  a r e  out l i n e d  i n  " Ma t e r i a l s  
and Me t hods " o n  p ag e s  2 6 - 3 0 . The p l asm i d  p r e p a r a t i o n 
r e s u l t i n g  f r om t h i s  p r o c e dure ( r e f e r e d  t o  h e r e a f t e r  as 
checke d p Z l O O O ) c o n t a i n e d 300 ug of DNA/ m l . I t  was us ed to 
6 0  
t r an s fo rm S S U l O  a n d  AH2 2 s t r a i n s o f  § �  £ � r� Y ! � ! �� us i n g  
t he p r o c e du r e  d e t a i l e d i n  " M a t e r i a l s  a n d  Me t h o d s " o n  p ages 
3 0 - 3 4 . I t  was an t i c i p a t e d  that t r an s fo rm a t i on u s i n g  p l asm i d  
D NA f r om a n  � � £2!! s t r a i n  kn own t o  c a r r y  a fun c t i o n i n g l ac 
p o s i t i v e  p l as m i d  ( pZ l O O O ) wou l d  i n c r e as e  t he chan c e  o f  
ob t a i n i n g  b e t a- ga l a c t o s i dase p o s i t i v e y e a s t t r a n s fo rman t e . 
T r an s f o rm e d  c e l l s  and n on t r an s f o rm e d  c o n t r o l s  o f  
S S U l O  a n d  AH 2 2  w e r e  p l a t e q on r e gen a g a r  a n d  a f t e r  3 -7 days 
0 
o f  i n cub at i on a t  3 0  C )  t h e  p l at e s we r e  s c r e e n e d  f o r g r ow t h . 
B o t h  s t r a i n s  s howed c o l o n i e s o n  r e g e n  aga r i n d i c a t i n g t ha t  
+ 
l eu t r an s f o rman t s  had r e s u l t ed . Th i s  p r e s um ab l y  o c c u r r e d  b y  
p l asm i d  up t ak e  a n d  r e c o g n i t i o n b y  t he y e a s t s t r a i n s . C e l l s  
+ 
f r om a n umb e r  o f  t he s e  l eu t r ans fo rman t c o l o n i es we r e  
s ub cu l t u r e d  o n  s qu a r ed s e c t o r s  o f  s ev e r a l  s en s i t i v e  b l ue 
p l a t e s ( " M a t e r i a l s and Me t hods " p age 3 4 ) and t he p l a t e s w e re 
0 
i n cub at e d a t  3 0  C .  B l ue c o l on i e s f r om t r an s f o rm e d  S S U l O  an d 
AH2 2 s ub c u l t u r e s  we r e  ob s e r v e d  a f t e r  3 - 7  days o f  i n c ub a t i o n  
t hu s  i n d i c a t i n g  t ha t  b e t a- ga l ac t o s i da s e  w a s  i n de e d  p r oduced . 
F i gu r e  9 A  a n d  9 8  s how t wo p l a t e s o f  t r a n s f o r m e d  S S U l O  an d 
AH2 2 c o l o n i e s on s en s i t i v e  b l u e  agar . B e t a- g a l ac t os i das e 
p r o duc t i o n  i s  i n d i c a t ed he re b y  the p r e s e n c e  o f  a b l ue 
c o l o r a t i o n  s u r r o un d i n g  s ev e r a l  of the c o l on i es . Two o t h e r  
s t r a i n s o f  § �  £ � r �Y ! � ! �� Y - 1 5 7 2  a n d  Y- 2 0 3 4 , we r e  e x p o s e d  t o  
p Z l O O O  an d t e s t e d i n  t he s ame way a s  S S U l O  an d AH2 2 . B o t h  s t r a i n s  
t e s t ed n e ga t i v e f o r  b e t a - ga l ac t o s i das e p r o du c t i o n . Y- 1 5 7 2  and 
Y- 2 0 3 4 a r e , un l i k e  AH2 2 an d S S U l O , p r o t o t op h i c  for l eu c i n e . 
6 1  
-
F i g .  5 .  Aga r o s e  ge l ·e l e c t r o p ho r es i s  us e d  t o  d e t e rm i n e  t h e 
e f f ec t i v e n e s s o f  p h o s p h o r y i at i on a n d l i ga t i on o f  
t r i a l  D NA .  P r i o r  t o  e l e c t r o p h o r e s i s  t he o r i g i n  a t  C 
r ec e i v e d  0 . 9  ug o f  a H i n d l l l  d i g e s t o f  L amb da 
C l 85 7 S 7  D NA t o  p r o v i de k n own mo l e c u l a r  we i gh t  
m a r k e r s . O r i g i n s  a t  A a n d  B r e c e i v e d  1 . 5  u g  each o f  
p ho s p ho r y l a t e d l i nk e r  t r i a l  D N A . T h e  t r i a l  D N A a t  
o r i g i n  A h a d  i n  ad d i t i on b e en t r e a t e d  w i t h  T - 4  D NA 
l i ga s e . 
6 2  
A 8 c 
6 3  
F i g .  6 .  Aga r o s e ge l e l e c t r o p h o r e s i s  o f  B amH I d i ge s t o f  YEp l 3  
p l as m i d .  P r i o r  t �  e l ec t r o ph o r e s i s  t h e  o r i g i n  A 
r e c e i v e d  1 . 8  ug o f  YE p l 3  D NA ( 1 0 , 7 0 0  b p )  r e s t r i c t e d 
w i t h  B amB I . O r i g i n  B r e c e i v e d  1 . 35 u g  o f  C l 85 7 S 7  
D NA r e s t r i c t e d w i t h  H i n d i i i ,  a n d  o r i g i n  C r e c e i ved 
1 . 8  u g  of un r es t r i c t ed YB p l 3  DNA . The g e l cont a i n ed 
0 . 6� a g a r os e . The ge l was s t a i n e d  i n  1 u g/ m l  
e t h i d i um b r om i de . A l l o t he r  e l e c t r o p h or e t i c  
c o n d i t i o n s  we r e  i den t i ca l  t o  t ho s e  i n  F i gu r e  2 .  
L i n e s  p o i n t  t o  and i de n t i fy t he v a r i ou s  p l as m i d  
fo rms p ie s en t . 
l i n e a r - - ­
f o rm 
A 8 c 
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- - - c o v a l e n t l y  
. c l o s e d  
c i rc u l a r 
- - - l i n e a r  
form 
- - -p l asm i d  
mu l t i m e r s  
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TAB L E  5 .  T r an s f o rmat i on o f  l eu ��££��rQ��£�� £�r�Y !�!�� 
s t r a i ns t o  l eu+ w i t h YE p l 3  an d p Z l O O O  p l as m i ds 
b 
P LA SM I D  TP 
p Z l O O O  
Y E p l 3  
n o n e  
a 
a 
GROW TH O F  YE AS T 
s t r a i n : S S U l O  A H 2 2 
+ +  
R e g e n  R e g e n  
a g a r  agar 
+ +  
R e g e n  Regen 
agar agar 
( + ) 
( + )  
( + ) 
( + ) 
( + ) 
( - ) 
( + ) 
ND 
( + ) 
( + )  
ND 
( - ) 
A ( + )  s ymb o l  i n d i c a t e s  p r e s e n c e  o f  c o l o n i e s o n  a g a r  a f t e r  3 
0 
t o  7 days a t  3 0  C .  A ( - )  s ymb o l  i n d i c a t e s  t he ab s e n c e  o f  
g r owt h .  N D  m e a n s  " n o t  don e " . Regen is r e ge n e r a t i o n . agar 
+ + 
w i t h o u t  L - l eu c i n e o r  L - i s o l e uc i n e  and Re g e n  i s  
r e ge n e r a t i on agar w i t h  t hes e am i n o  ac i ds . T h e  c om p o s i t i o n 
o f  r e ge n e r a t i o n agar i s  des c r i b e d  i n  " Ma t e r i a l s  and 
M e t h o d s " .  
b 
T P  i s  " t r an s f o rmi n g  p r i n c i p l e " . 
F i g . 7 .  
+ 
L e u  t r a n s f o rm e d  c o l on i e s  o f  � � £ £h � r Q�� £ �! 
2�r�! ! � i �� S S U l O . C o l o n i e s a r e  s hown 3 days a f t e r  
9 
an S S U l O  i n o c u l um o f  app rox i ma t e l y 1 . 5  x 1 0  c e l l s 
w a s  e xp o s ed t o  4 ug o f  p Z l O O O  D NA a n d t h e  exp o s e d  
c e l l s  p l at ed o n  r e gen agar . T h e  p l at e  was 
0 
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i n c ub a t e d a t  30 C . The c om p o s i t i on o f  r e g en aga r 
i s  d e s c r i b e d  i n  " Ma t e r i a l s  a n d  M e t ho d s " .  
6 7  
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TAB LE 6 .  The ab i l i t y  o f  p Z l O O O  a n d  Y E p l 3  t r a n s fo rmed 
g � £ ��t i £� i � £ Q ! i t o  grow on l ac t o s e  as t h e s o l e  
c a rb on s o u r c e  an d p rodu c e  b e t a- ga l ac t o s i das e 
a 
GROWTH O F  ���H� H!�!� �Q1! 
s t r a i n : C S H 1 8  L G 9 0  W i l d  t yp e  
p l asm i d  p Z l O O O  YE p l 3  n on e  pZ l O O O  Y E p l 3  n o n e  
* * 
Amp i c i l l i n ( + ) ( - ) ( - ) ( + )  ( - ) ( - ) ( - ) 
* * * 
No amp i c i l l i n ( + ) ( - ) - ( - ) ( + ) ( - ) ( - ) ( + ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a 
A ( + )  s ymb o l  i n d i c a t e s  t he p r e s e n c e  o f  c o l on i e s o n  agar 
0 
a f t e r  s e v e r a l  d ays o f  i n cub a t i o n  a t  3 7  C .  A ( - ) s ymb o l 
i n d i c a t e s  t h e  ab s en c e  o f  grow t h . An a s t e r i s k i n d i c a t e s  b l u e  
c o l o r e d  c o l o n i e s w e r e  fo rmed . B as i c  g r ow t h  m e d i um des c r i b e d  
i n  " M at e r i a l s  an d Me t hods " o n  page 3 5  w a s  u s e d  t h r o u ghout . 
I t  c o n t a i n e d  4 0  u g / m l  XG . The b as i c  g r o w t h  med i um a l s o  
c on t a i n e d  1 �  l ac t o s e  a s  t he s o l e  carb o h y d r a t e s o u r c e . 
Amp i c i l l i n when p � e s e n t  was a t  a c o n c e n t r a t i o n  o f  5 0  u g / m l . 
F i g .  8 .  G r ow t h  o f  un t r an s fo rmed and pZ l OO O  t r a n s fo rme d � �  
£ 2 ! !  C S H 1 8  o n  b as i c  g r ow t h  a g a r . T h e  b a s i c  
g r ow t h  a g a r  con t a i n e d  1 %  g l u c o s e  a n d  4 0  ug/m l XG . 
T he o t he r i n g r e d i an t s  o f  b as i c  g r ow t h  a g a r  a r e  
des c r i b e d o n  p age 3 5  o f  " Ma t e r i a l s  an d M e t h o ds '' . 
0 
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I n c ub a t i o n was fo r s e v e r a l  days a t  37 C .  F i gu r es BA 
an d B B  are n o n  t r an s f o rmed and p Z l O O O  t r an s f o rm e d  
C S H 1 8 , res p e c t i v e l y . 
7 0  
B A . 
B B . 
7 1  
F i g .  9 .  G r ow t h  o f  pZ l O O Q  t r ans fo rmed � �£ £�� r Q��£ � �  
£�r � Y ! � ! �� S S U l O· and AH2 2 on s e n s i t i v e  b l ue p l a t e s . 
S e n s i t i v e  b l u e  agar u s e d  h e r e  c on t a i n e d  4 0  u g / m l  o f  
XG . O t he r s e n s i t i v e b l ue i n g r e d i e n t s  a r e  de s c r i b e d  
o n  p a ge 3 4  o f  " Mat e r i a l s  an d M e t ho d s " .  E ach · s e c t o r  
o n  e a c h  p l a t e  was i n o cu l a t ed w i t h c e l l s f r o• 
r an dom l y  s e l e c t e d  S S U l O  o r  AH2 2 c o l on i e s  f r om 
0 
r e g en agar p l at e s . I n cub a t i on was a t  3 0  C f o r  3 t o  
7 days . F i gu r e s  9 A  and 9B s how p Z l O O O  t r ans fo rmed 
AH2 2 a n d S S U l O , r e s p e c t i ve l y .  
7 2  
9 A . 
t r an s f o rmed 
AH2 2  
9B . 
t ·r a n s  f o r m e d  
S S U l O  
7 3  
D I SCUS S I ON 
OVERAL L OBJEC T I VE S  
T h e  f i rs t  ob j ec t i ve o f  t h i s  s t ud y  w a s  t o  r e cov er t he 
l ac5 p o r t i o n o f  t he l amb d a  C l 8 5 7 S 7  l ac 5  g e n ome . T h i s  was 
accomp l i s he d  A . ) by grow i n g  an d h a r v e s t i n g  a l a r ge quan t i t y  
o f  t h e phage B . ) r e c o v e r i n g  t h e  gen ome f r om t he p hage 
p a r t i c l e s in s u f f i c i en t  quan t i t y C . ) r e s t r i c t i n g  t he 
gen ome an d t he l ac co n t a i n i n g f r agmen t ,  a n d  D . ) p u r i f y i ng 
the l a c o p e r on s e gmen t by agar o s e ge l e l e c t r op h o r es i s . The 
n e x t ob j e c t i v e  w as to i n s e r t  t he l ac o p e r o n , a f t e r i t  had 
b e e n  l i n k e r e d  t o  s ho r t  mo l e c u l a r  we i gh t  D NA a n d B am H I  
r e s t r i c t e d , i n t o  B amH I r e s t r i c t e d  YE p l 3  p l as m i d .  
U n f o r t un a t e l y  t he p r e p a r a t i on was l o s t  a t  t h i s  s t ag e  and t he 
ob j ec t i v e o f  t r an s fo rm i n g  § �  £���!! ! !�� w i t h  t h i s  
p r ep a r a t i o n was p r e v e n t e d . The f i n a l  i n t e n t  o f  t h e s e  
p r o c e du r e s  w a s  t Q  b r i n g  ab o u t  b e t a- g a l a c t o s i da s e  e n z yme 
p r oduc t i o n w i t h i n  t he yeas t . 
D emon s t r a t i on o f  � �  £�r� Y ! ! ! �� t r an s f o rm a t i o n  b y  � �  
£ Q ! ! y e a s t h yb r i d  p l asm i ds was an o t h e r  ob j e c t i v e  o f  t h e  
s t ud y . T h e  p l a s m i d s t e s t e d w e r e  Y E p l 3  a n d  p Z l O O O  an d t he 
p l asm i d  m a r k e r g e n e  u s e d  was t he l e u g e n e . T r a n s fo rma t i o n 
o f  l ac � �  £Q ! ! and � � £�r�Y ! ! ! �� w i t h  t h e  l a c Z and Y gene s 
v i a  t he p l asm i d  pZ l O O O  was t h e f i n a l  ob j e c t i v e  o f  t h i s  
r e s e a r c h . 
7 4  
CHO I CE O F  LAMB D A  A S  THE LAC OPE RON SOURC E 
B a c t e r i o p hage have b e c o me an i n d i s p e n s i b l e  t o o l f o r  
mo l e cu l a r g e n e t i c i s t s . W h e n  us i n g  p h a g e  t o  amp l i fy f o r e i gn 
D NA s e quen c e s  t he comp a t ab i l i t y  o f  t he s e que n c e  w i t h g �  gQ!! 
me t ab o l i s m i s  n o t  as c r i t i c a l  a s  i t  wou l d  be w i t h p l as m i d  
amp l i f i c a t i on s i n ce t he l yt i c c y c l e  o c c u r s  r ap i d l y  ( 9 ) . 
Re c e n t l y m a n y  c h a n g e s  h a v e  b ee n  made i n  v a r i o u s  L amb d a  
s t r a i n s  wh i ch d i s t i n gu i s h t hem f r om L amb d a  p a p a  t he 
g e n e r a l l y  a c c e p t e d w i l d  t yp e  s t r a i n  ( 2 5 , 3 0 ) . T h e s e  chan ges 
hav e in gen e r a l  b ee n  d i r e c t e d  a t  mak i n g  L amb d a  a m o r e  
s u i t ab l e v e c t o r  fo r g e n e  c l o n i n g  b y  t he a dd i t i o n  a n d  
d e l e t i on o f  v a r i ous r e s t r i ct i on s i t e s . R e s t r i c t i o n  s i t �s 
w e r e  chan ged b y  add i n g  p o i n t  mu t a t i o n s , s ub s t i t u t i o n s , and 
d e l e t i on s  i n t o  t he d i s p en s i b l e  o n e  t h i r d o f  t he p hage gen ome 
and e v e n  i n t o  c e r t a i n  o f  th e e s s e n t i a l  r e g i o n s  o f  t h e  
g e n ome . O n l y  ab o u t  6 6% o f  the phage g e n om e  i s  e s s en t i a l f o r  
t h e l y t i c  p r o p a g a t i o n  o f  t he p h a g e  ( 85 ) . Us i n g t he s e  l y t i c  
p h a g e  i t  h a s  b e c om e  p o s s i b l e  t o  ob t a i n  m a n y  i n d i v i dua l , 
h i gh l y  acc u r a t e  c o p i es o f  genes o r  fo r e i gn D N A  s e quen c e s . 
F o r  m y  r e s e ar ch the l y t i c  phage L amb d a  C l 85 7 S 7  l a c5 was 
s e l e c t e d as t h e b e s t s o urce fo r t he l a c o p e r o n . Pha ge 
amp l i f i c a t i on o f  t he l ac5 s e gmen t was cho s en o v e r  b ac t e r i a l 
amp l i f i c a t i o n b e c aus e g r e a t e r  c o p y n umb e r s c o u l d  b e  
ob t a i n e d  us i n g  t he l yt i c  phage s y s t em w i t h  l e s s e r  amoun t s  
o f  i n t e r f e r i n g  n o n - l a c D N A . The l a c5 s e gm e n t ( p l ac5 )  
o r i g i n a t e d i n  � �  £ Q ! !  b ut was i s o l at ed a n d  p u r i f i e d b y  
7 5  
S hap i r o e t  a l  ( 6 9 )  and w a s  p l aced i n t o  t he n o n  es s e n t i a l  
gen ome r e g i on o f  v a r i ous Lamb da phage i n c l ud i n g  C l 85 7 S 7  ( 9 ) . 
The l ac5 re g i o n i n  Lamb da C l 8 5 7 S 7  l a c5 has a fun c t i o n a l  
p r om o t o r , o p e r at o r , a n d  l ac Z gen e b u t  l ac k s  a fun c t i o n a l  I 
( r e p r es s o r )  Y a n d A g e n e s  ( 6 9 ) . C on s equen t l y i n  an I , Z 
o r  l a c d e l e t i on hos t , l ac5 i mpar t s  c o n s t i t u i t i v i t y f o r  
b e t a- ga l ac t o s i d as e .  Th i s  was ano t he r  r e a s o n  f o r cho o s i n g  
l ac5 o v e r  t he o p e r o n  fro� � �  £ Q ! ! · C l 85 7 S 7  l ac 5  b e s i de 
hav i n g  t h e  l ac 5  r e g i on a l s o  c ar r i es a t s  mut a t i on t hat 
l e aves t h e phage c i  gene p r oduc t t he rmo l ab i l e ,  a n d  a 
d e l e t i on t ha t  r em o v e s  t h e  t r an s c r i p t i on t e rm i n a t i on s i t e t 
R 2  
( r e fe r r e d  t o  as n i n 5 ) . Th i s  de l e t i o n a l l ow s  de l ayed e a r l y  
t ran s c r i p t i on t o  b e  i n de p e n de n t  o f  t h e  N- g e n e  p r o du c t . The 
N-p r o t e i n  is us ua l l y  r equ i r ed fo r l y t i c  g r ow t h ,  howe v e r , 
w i t h t h e  t s i t e  de l e t ed , l y t i c  g r ow t h  c an o c cur w i t h out 
R2 
i t . C l 85 7 S 7  l ac 5  a l s o  has a mut at i on i n  t he S p r o t e i n  ( t he 
R and S p r o t e i n s  are r e q u i red for l ys i s o f  the h o s t  c e l l  
( 3 8 )  wh i ch a l l ow s  m o r e  phage p a r t i c l es t o  a s s emb l e  p r i o r  
t o  l ys i s  a n d  t hus i n c r e a s e s  y i e l d  ( 3 3 ) . 
C OMPAR I SON Of LAMB D A  C l 85 7 S 7  AND C l 85 7 S 7  LAC 5 GINOMI S 
The C l 85 7 S 7  and C l 85 7 S 7  l a c 5  l am b d a  s t r a i n s  have 
very s i m i l a r g e n omes but w i t h s e v e r a l  s i g n i f i c a n t 
d i f fe r en c e s . The s i m i l ar i t i e s an d d i f fe r en c e s  a r e  s hown i n  
F i g ure 1 0 . When c o n s t r uc t i ng t he C l 85 7 S 7  l ac 5  s t r a i n  a 
fragmen t  o f  app r ox imat e l y  4 , 1 6 8  b a s e  p a i r s ( 2 6 )  was  r em o v e d  
7 6  
f r om t he e x t reme l e f t  end o f  t he rep l ac e ab l e  r e g i o n o f  t h e  
C l 85 7 S 7  g e n ome . I n t o  t h i s  r e g i on was s ub s t i t u t e d  a f r agmen t 
w i t h an app r o x i m a t e l y  e q u i v a l e n t  numb e r  o f  b a s e  p a i r s  an d 
c o n t a i n i n g  t h e  l ac r e g i on o f � �  £ Q ! !  ( 9 ) . T h i s  s ub s t i t u t i on 
e l i m i n a t e d  o n e  H i n d i i i  s i t e  ( t h e  on e c l o s es t  t o  t he c o s  L 
s i t e )  o f  t h e C l 8 5 7 S 7 gen ome and i n  s o  d o i n g  c h a n ged t h e 
p a t t e r n  an d s i z e  o f  f r a gmen t s  gen e r a t e d  w i t h  H i n d i ! !  
re s t r i c t i o n . C l 8 5 7 S 7  DNA upon r es t r i c t i o n w i t h H i n d i i i  
e n d o n u c l e as e y i e l d� 8 f r agmen t s  ( s e e  T ab l e  4 ) . The f r agm e n t 
s i z e s  a r e  w e l l  documen t e d an d t he f r agme n t s  t hems e l v e s  have 
b ee n  m a r k e t e d  ( New E n g l an d  B i o l ab s ) a s  m o l e c u l a r  we i gh t  
s t an da r ds . T h e  C l 85 7 S 7  l ac5 ge n ome w h e n  r es t r i c t e d u n d e r  
t he s am e  c o n d i t i on s  y i e l ds on l y  7 f r a gm e n t s  ( s e e  F i gu r e  1 0 )  
an d o n e  o f  t he s e , f r a gme n t  1 ,  has a l a r g e r  mo l e c u l a r  w e i gh t . 
The n umb e r  o f  b a s e  p a i r s  f o r  f r a gmen t 1 was  i n c r e a s e d  f r om 
2 3 , 1 3 0  i n  C l 85 7 S 7  t o  2 5 , 7 3 7  i n  C l 85 7 S 7  l ac5 an d f r agme n t  
n umb e r  6 i n  C l 85 7 S 7  i s  n o  l on ge r  p r e s e n t  i n  C l 85 7 S 7  l ac5 at 
t he s ame s i t e . A b a s e  p a i r  es t i ma t e  o f  C l 8 5 7 S 7  l a�5 
f r a gme n t  1 was made b y  us i n g  a r e s t r i c t i on m a p  o f  charon 1 
phage ( 2 8 ) . F r a gmen t 6 was n o t  r emo v e d  i n  i t s e n t i r e t y  when 
t he 1 ac 5  s ub s t i t u t i on was made in C l 85 7 S 7 , h o w ev e r , a s  
p r e v i o us l y  me n t i o ned , t h e  H i n d i i i  r e c o gn i t i on s e quen c e  w a s  
l o s t . An y f r agm e n t  6 b a s e  pa i r s n o t  r em o v e d  w e r e  as s um e d  
t o  e n d  u p  as p a r t  o f  f r agmen t 1 o f  C l 8 5 7 S 7  l a c 5 . 
F i g .  1 0 . C om p a r a t i v e  r e s t r i c t i on maps o f  L amb d a  
- - - -. 
- - : - -
C l 85 7 S 7  an d C l 85 7 S 7 l ac5 genomes 
r e p r e s e n t s  doub l e  s t r an ded D NA of L amb d a  C 1 8 5 7  a n d  
C l 85 7 S 7  l ac 5  
r e p r e s e n t s  Kpn l re s t r i c t i o n s i t e  
r e p r es en t s  H i n d i i i  r es t r i c t i on s i t e  
c os ( L ) a n d  c o s ( R ) r e p r e s e n t  t h e  1 2  n uc l e o t i d e ( s i n g l e  
s t r an de d  D NA )  c o hes i v e ends f o rmed dur i n g  r e p l i ca t i on 
Numb e r s 1 t hr o ugh 8 and 1 t h r o u gh 7 r ep re s e n t H i n d l l l  
7 7  
gene r a t e d  f r agmen t s  f r om t he l ar ge s t  t o  s m a l l e s t  f o r  C l 85 7 S 7  
an d C l 8 5 7 S 7  l a c5 � r e s p e c t i v e l y .  ( ) r e p r es e n t s  t he l ac5 
s ub s t i t u t i on r e g i on 
c o s  ( L )  l .  6 .  5 .  2 .  
7 .  8 .  
\ I 3 .  4 .  
- - - - - - - - - - - - - - - - - - · - - · - - · - - - - - - - - - - - - - · - · - · - - - - - - · - - -
C l 8 5 7 S 7  
c o s ( L ) 1 .  
. . . . . . . . . 
c o s ( R ) 
5 .  2 .  
6 .  7 .  
\ I 3 .  4 .  
- - - - - - - - - - - - . - . - - ( - - - ) - - : - - : - - - - - - - - - - - - - : - : - : - - - - - - : - - -
c o s ( R ) 
C l 85 7 S 7 l ac5 
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F i g .  1 1 .  F r a gme n t 1 ( 2 5 , 7 3 7  b a s e  p a i r s ) f r om H i n d i i i  
r e s t r i c t i on o f  C l 85 7 S 7  l ac5 D NA s h ow i n g  t he 2 Kpn i 
s i t e s . Numb e r s 1 t h r ou gh 3 r e p r e s e n t  f r a gmen t s  w i t h  
t he g r e a t e s t t o  t h e  sma l l e s t  n umb e r  o f  b as e  p a i r s  
fo rm e d  u p o n  Kpn l res t r i c t i on o f  f r a gme n t  1 .  T h e  
( TCGAA ) s e quence i s  t he ov e r l ap p i n g  5 '  e n d  o f  
f r a gm e n t 1 r e s u l t i n g  f r om H i nd i i i  r e s t r i c t i o n . 
- - - - - - - - - - - -. 
- - - - - - - - - - - -. 
r e p r e s e n t s  doub l e  s t r a n d e d  D N A  
r e p r e s e n t s  e a c h  Kpn i r es t r i c t i on s i t e 
c o s ( L ) 
5 '  - - - - - - - - - - - - - - - - - - - - - . - . - - - - - - A 3 '  
3 ' - - - - - - - - - - - - - - - - - - - - - . - . - - - - - - T TC G AA 5 '  
1 3 2 
8 0  
REMOVAL O F  THE 2 5 , 7 3 7  B AS I  PAIR LAC5 FRAGME N T  FROM LAMB D A  
C l 85 7 S 7  LAC 5 GENOME 
8 1  
F ra gm e n t 1 c on t a i n i n g  l ac 5  ( F i gu r e  1 0 ) w as s ep a r a t e d  
f rom t h e res t o f  t he C l 8 5 7 S 7  l ac 5  genome b y  c u t t i n g  t he 
l amb da g e n om e  w i t h H i n d i i i  an d p u r i fy i n g t h e  2 5 , 7 3 7  b as e  
p a i r  l a c 5  f r agme n t . T he f r agme n t  i s  s hown i n  F i g u r e  1 1 . 
O t h e r  w o r k e r s  h a d  p r ev i ou s l y  s ep ar a t e d  t he l ac 5  s e gmen t f o r  
t r an s fo rma t i o n o f  yeas t ( 5 9 ) . Thes e wo r k e r s  r e s t r i c t e d  the 
L amb d a  g e n om e  w i t h B amB I endonuc l eas e , r e c o v e r ed the l a c5 
s e gme n t  ( 2 3 , 0 9 7 b as e  pa i r s ) and i n s e r t e d i t  i n t o t he B amHI 
s i t e  of t he G l 0 - 5 3  p l asm i d  ( 5 9 ) . 
RECOVE RY O F  THE 6 , 92 5  BASE PA I R  SEGMENT 
The 2 5 , 7 3 7  b a s e  p a i r  l ac 5  s e gme n t  up o n  Kpn i 
r e s t r i c t i o n y i e l ded 3 f r a gm e n t s . On e o f  t h es e , t h e  l a c5 
6 , 9 2 5  b as e  p a i r  s e gmen t ,  was r e c o v e r e d  us i n g t he 
" comb i n a t i on p u r i f i c at i o n " , and d i r e c t  e x t r a c t i on fo l l ow i n g  
e l e c t r o e l u t i o n . 
T h e  f i r s t  s u c c e s s fu l  Kp n i  r es t r i c t i on o f  t he 2 5 , 7 3 7  
b as e  p a i r  s e gme n t  p r oduced re s u l t s  wh i c h a t  f i r s t  w e r e  
q u i t e  p uz z l i n g .  Aga r o s e  g e l  e l e c t r opho r e s i s  o f  t he d i ge s t 
y i e l de d  a b a n d  c o n t a i n i n g  a 4 , 7 3 1  b as e  p a i r  p i e c e  o f  D NA . 
T h i s  b an d  i n i t i a l l y c ou l d  n o t  b e  exp l a i n e d  s i n c e  Kpn i 
r e s t r i c t i o n  o f  t he 2 5 , 7 3 7  b as e  pa i r  f r a gme n t w a s  e x p e c t e d t o  
g en e r a t e  o n l y  3 f r agm e n t  s i z e s  ( 2 8 )  i n s t e ad o f  4 n o n e  o f  
w h i c h s ho u l d  have had t ha t  b as e  p a i r  c o un t . F i g u r e  4 o f  
" Res u l t s "  s hows a r e s t r i c t i o n d i ges t e l e c t r op h o r e s e d l a t e r 
8 2  
F i g .  1 2 . F r a gm e n t  1 2  ( 6 , 9 2 5  b as e  pa i r s )  f r om Kp n i  r e s t r i c t i o n 
o f  t he 2 5 , 7 3 7  b as e  p a i r  H i n d i i i  f r a gm en t . 
O v e r l ap p i n g e n ds on t he l e ft a n d  r i gh t  t e rm i n i  a r e  
f r om Kpn l an d H i n d i i i  r e s t r i c t i on ,  r e s p e c t i v e l y . 
8 3  
5 '  C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A 3 '  
3 ' C ATGG - -- ------------------- - - - - - - - - - - - - TTCGAA 5 ' 
2 
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F i g .  1 3 . Kpn i f r agmen t 1 2  ( 6 , 9 2 5  b as e p a i r s )  a f t e r  3 '  e n d  
r emo v a l  b y  T - 4  D N A  p o l ym e r a s e i n  t h e  p r e s en c e  o f  a l l 
f o u r  d e o x y r i b o n uc l e os i de t r i pho s p ha t e s ( dNTPs ) .  
5 '  
3 '  
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­
G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A 
T TC G AA 
3 , 
5 '  
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F i g .  1 4 . K p n l f r agmen t # 2  ( 6 , 92 5  b as e  p a i rs )  a f t e r  f i l l  i n  
( b l un t  e n d s  made ) o f  t h e  5 '  e n d us i n g  t he a c t i v i t y 
o f  t he K l e n ow f r agme n t  o f  D NA p o l ym e r as e I i n  t he 
p r e s e n c e  o f  a l l four d e o x y r i b on uc l e o s i de 
t r i ph o s p ha t e s . 
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5 '  
3 ' 
C - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - AAG C T T  
G - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T T C G A A  
3 c 
5 '  
8 7  
8 8  
wh i c h  d o e s  n o t  c on t a i n  t h e 4 , 7 3 1  b a s e  p a i r  b an d . The 
d i f f e r en c e  b e t w e e n  t h e way t he D NAs . w e r e  h an d l e d  was a 
s i n g l e  he a t  t r e a t men t s t e p n o rma l l y  i n c l ud e d  a t  t he e n d  o f  
a l l r e s t r i c t i on d i ge s t i on s  t o  i n a c t i v a t e t he r e s t r i c t i on 
e n z yme . T h i s  h e a t  t r e a t me n t  s t e p  om i t t e d i n  t he f i r s t  c a s e  
b r i n gs ab o u t  den a t u r a t i o n o f  a 1 2  b a s e  p a i r  c om p l em e n t a r y  
r e g i o n c a l l ed t h e c o s  s i t e  ( c o h e s i v e e n ds ) ( 5 0 ) . The c o s  
s i t es t en d  t o  p a i r  up s p o n t an e o u s l y  i n  p u r i f i e d ,  
c o n c e n t r a t ed D N A p r e p a r a t i o n s  o f  t he l amb da g e n ome r e s u l t i n g  
i n  c i r c u l a r i z e d  D NA . H i n d i i i  r e s t r i c t e d l amb d a  D NA i f  n o t  
he a t  t r e a t e d ma i n t a i n s t he c o h e s i v e  e n ds ( c o s  L and c o s  R )  
i n  t h e  d o ub l e  s t r anded f o rm . T h i s  f o rm c au s e s  t he t wo 
re s t r i c t i o n f r a gmen t s  t ha t  a r e  c o n n e c t ed b y  t h e c o s s i t e  
( fr agme n t s  1 an d 4 ,  s ee F i gu r e  1 0 )  t o  m i gr a t e  t o g e t he r  du r i n g  
e l e c t r o p h o r e s i s  t o  fo rm o n e  b a n d . The b a n d s  s hown i n  F i g u r e  
4 o f  " Re s u l t s "  a r e  t he e x p e c t e d  on es wh e n  t h e  L ambda D N A  has 
b e en p r o p e r l y  he a t  t r ea t e d . 
PUTT I NG B L UN T  BND S ON THB LAC OPBRON 
The 6 , 92 5  b a s e  p a i r l ac5 f ragm e n t s i n c e  i t  was t h e  
p r o d u c t o f  b o t h  H i n d i ! !  and Kpn i re s t r i c t i o n s  c a r r i e d 
d i s s i m i l a r s t i ck y  e n d s . I n  addi t i o n , o n e  o f  t h e  e n d s  was 5 ' 
o v e r l ap p i n g a n d  t h e o t he r  was 3 '  o v e r l a p p i n g . T h e s e e n d  
d i f fe r en c e s  p l us t h e  fac t t h at b l un t  e n d s  c an b e  l i ga t e d 
' 
( 6 8 )  l e d t o  t h e  d e c i s i o n t o  b l un t b o t h  e n ds o f  t he l a c5 
f r agmen t .  F i gu r e s  1 3 - 1 4  s h ow t he s t ep s  us e d  f o r  b l un t end i n g  
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t h e 6 , 9 2 5  b as e  p a i r l ac5 s e gmen t . F i g u r e  13 i n d i c a t e s how 
t he 3 ' o v e r l ap o f  t he l ac 5  s e gmen t is b l u n t e n de d  by t h e  
e x o n uc l ea s e  a c t i v i t y  o f  T - 4  D NA p o l yme r as e . F i g u r e  14 s hows 
how t he H i n d i i i  g e n e r a t e d  5 '  o ve r l ap i s  f i l l ed i n  by t he D NA 
p o l yme r i z i n g ac t i v i t y o f  t he K l e n ow f r a gmen t o f  � �  £ Q ! !  D NA 
p o l yme r a s e  I .  
ADD I NG L I NKE RS TO THE B LUNT E NDED LAC OPERON 
The b l un t e n d e d  l a c s e gm e n t ( 6 , 9 2 5  b a s e  p a i r s ) 
cou l d  h a v e  b e e n  p l ac e d  i n  t he Y E p l 3  p l as m i d  d i r e c t l y b y  
f o rm i n g  b l un t e n d s  a t  t he B am H I  s i t e  o f  t h e  YH p l 3  p l asm i d .  
Th i s  wo u l d  h a v e  r e s u l t e d ,  how e v e r ,  i n  a n  i n s e r t  wh i c h co u l d  
n o t  h a v e  b e en r � c o v e r e d . Us i n g  i n s t e a d  l ac 5  c o n n e c t e d a t  
b o t h  e n ds t o  l i n k e r s  w i t h  i n t e r n a l  B amH I r ec o gn i t i o n 
s equen c e s  made i t  p o s s i b l e  t o  r e c o v e r  t h e  i n s e r t  a t  a l a t e r 
t i me b y  B amH I t r ea t me n t . L i n k e r  D N A ( de c a o l i go n uc l e o t i de 
s ee F i gu r e  1 5 A )  mus t hav e 5 ' p h o s pha t e  e n d s  ( s e e  F i gu r e  1 5 8 ) 
i f  T -4 l i ga s e i s  t o  c o v a l e n t l y  a t t ach i t  t o  an i n s e r t  s u ch 
as l ac 5 . L i nk e r  pho s p ho r y l at i on was a c c omp l i s he d  w i t h  T-4 
k i n as e . Upon 5 '  p hos p ho r y l a t i on , l i n k e r D NA ( s e e  F i g u r e  1 6 )  
was c o v a l en t l y  a t t ached t o  t h e  l ac s e gmen t  w i t h  T-4 l i gas e .  
The " l i n k e r e d "  l ac5 s e gmen t was t hen d i g es t e d w i t h  B am H I  t o  
c r e a t e  s t i ck y  ends t o  m a t ch t h e  ends a t  t h e  Y E p l 3  B amH I 
s i t e . T h e  B am H I r e s t r i c t i o n  o f  t he " l i n k e r e d "  l ac 5  s e gmen t 
i n  add i t i o n t o  gua r an t e e i n g  a l i n e a r  f o rm o f  l ac 5  ( i n s t ead 
of a c r i c u l a r f o rm , s e e F i g u r e  1 7 )  s e r v e d to r em o v e  e x c e s s  
l i n k e r s  i n  t he r e ac t i o n  m i x t u r e  and a t  b o t h  e n d s  o f  t he l ac 
s e gm e n t �  
PROPOS E D  JO I N I NG OF THB L I NKBRB D  LAC5 S E GMENT TO YB P 1 3  
PLASM I D  
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As m en t i on e d  i n  " Re s u l t s " , t h e  l i n k e r e d l a c5 s e gmen t 
was l o s t . I t  was  t h e  i n t e n t i o n , un t i l  t h a t  h a p p e n e d  t o  ge t 
e x p r e s s i o n  o f  l ac 5  i n  � �  ��r�Y ! � !�� · T h e  l i n k e r e d l ac 5  
s e gm e n t � o r  t h i s  pu r p o s e  · wou l d  hav e  t o  b e  p u t  i n t o  a 
s u i t ab l� ve c t o r  s uch as YE p l 3 . YEp l 3  i s  a 1 0 , 7 0 0  bas e p a i r  
p l as m i d  ( 1 4 )  c o n s i s t i n g  o f  p B R3 2 2 , t h e  L E U2 g e n e  o f  y e as t , 
and a D NA f r a gm e n t c o n t a i n i n g a yeas t o r i g i n  o f  r e p l i c a t i o n 
f r om 2 um c i r c l e  D NA ( 1 4 ) . Th i s  p l as m i d  b e c au s e  i t  c o n t a i n s  
. 
t he p B R3 2 2  s e quen c e  c an r ep l i c a t e  i n  g �  £Q ! !  a n d  b e caus e i t  
c o n t a i n s t he 2 um c i r c l e D N A  i s  a l s o  c a p ab l e  o f  r e p l i c a t i n g 
i n  � �  � �r�Y ! � !�� · YE p l 3  p l as m i d  r e t a i n s t h e amp i c i l l i n and 
t e t r a c yc l i n e  r e s i s t an c e  gen es of pBR3 2 2  and has a s i n g l e  
r 
B amH I r e s t r i c t i o n  s i t e  i n  t h e t e t  g e n e . T h e  p r e s e n c e  o f  
t he yeas t L E U 2  g e n e  i n  Y E p l 3  wou l d  hav e fac i l i t a t ed t he 
+ 
s c r e e n i n g o f  yeas t t r ans fo rma n t e . Leu p r o t o t r o p hs c o u l d  
hav e b e en s e l e c t e d from amo n g  l e u auxo t r o p hs . 
T h e  l i n e a r  l i n k e r e d  l ac5 ( 6 , 9 2 5  b a s e  p a i r )  
f r agme n t  was t o  b e  i n s e r t e d i n  B amB I r e s t r i c t e d YE p l 3  and 
c o v a l en t l y  j o i n e d  to t he p l a s m i d w i t h  T-4 l i g a s e  ( s e e  F i gu r e  
1 8 ) . T h e r e a f t e r  i t  w a s  t he i n t e n t i o n  t o  amp l i f y t h e l a c5 
s e gmen t i n  a l a c � � � Q ! !  s t r a i n . The amp l i f i e d r e c omb i n an t  
D N A  c o u l d  t he n  have b e e n  us ed t o  t r ans fo rm l e u  y e as t and 
9 1  
F i g .  1 5 . The s yn t h e t i c , o l i gon uc l e o t i de l i n k e r  added o n  t o  
e a c h  e n d  o f  l ac 5 . The d i a g r am i n  " A "  i l l u s t r a t es 
t he n a g - p h o s p h o r y l a t e d  fo rm of t he l i n k e r . The 
B amH I r e c o gn i t i on s e quen c e  for r e s t r i c t i on c l e av a ge 
i s  i n d i c a t e d  by an ( \ or / )  s ymb o l . The d i a g r am i n  
" B "  i l l us t r a t e s t he 5 ' p h o s p ho r y l a t ed f o rm o f  t h e 
l i n k e r . -
5 ' 
3 .  
I ,, 
C GGG A T C C C G  
GCC C T AGGGC 
\ 






pCGGGATC C C G  
GCCC T AGGGC p 
\ 
B .  
3 '  
5 '  
9 2  
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F i g .  1 6 . The 6 , 9 2 5  b as e  p a i r  l ac5 s e gme n t  ( i n d i c a t e d i n s i d e 
b r a c k e � s  an d s hown b y  i t s e l f  i n  F i g .  1 4 ) w i t h  l i n k e r s  
c o v a l e n t l y  at t ached . Th e . . .  s ymb o l i z e s  add i t i o n a l  
l i n k e r s  wh i ch m a y  o r  m a y  n o t  b e  p r es en t . The ( \ o r  
/ ) s ymb o l s  have the s ame mean i n g  as i n  F i g .  1 5 . 
I I 
94 
5 '  . . .  pCGGG ATC C C G [ C - - - --- - - - - - - - - - - - - -AAG C T T ] C GGGATC C C G  3 '  
3 '  . . .  G C C C TAGGGC ( G - - - - - - - - - - - - - - - - - - - T T C GAA ] G C C C TAGGGC p . . .  5 '  
\ \ 
9S 
F i g .  1 7 . t i n k e r e d l acS a f t e r  B amB I r e s t r i c t i o n .  t he D NA 
m o l e cu l e  s h own i n  F i gu r e  1 6  w a s  c o nv e r t e d t o  t h e  
s i n g l e  � l i n k e r e d  B amH I f o rm s hown . he r e  b y  r es t r i c t i o n 
w i t h B amB I endonu c l eas e .  The b as e  p a i r s  w i t h i n  
b r ac k e t s  r ep r e s e n t  t he o r i g i n a l  b l un t e n ded 6 , 9 2 5  
b a s e  p a i r l a cS s e gmen t a n d  b a s e  p a i r s o u t s i de o f  t h e 
b r ac k e t s - r e p r e s e n t  B amB I r es t r i c t e d l i n k e r s . 
5 '  
3 , 
( 6 , 9 2 5  b p  l ac5 ope r o n ) 
GATCCCG [ C --------- - - - -----------AAGC TT ] C GG 
GGC [ G - - ----- ------ -- -- ---- - - T TC GAA ] GC C C T AG 
3 '  
5 , 
9 6  
+ 
t he l eu t r an s fo rman t s  checked f o r  b e t a- g a l a c t o s i d as e . 
TRANS FORMAT I ON O F  YE AST FOR LEU2 GBNB 
P Z l O O O  i s  a de r i v i t i v e  o f  pMC 1 4 0 3  wh i c h was i t s e l f  
d e r i v e d  f r om p B R3 2 2 . An i n s e r t i on o f  l ac Z ,  Y and p a r t  
o f  t he A g e n e  de r i v ed f r om �� £Q !i i n t o  pMC 1 4 0 3  a l l ows f o r  
97 
l ac gene ex p r e s s i o n in � �  £Q! i ·  
l a c Z g e n e  hav e b e e n  om i t t ed .  
The f i r s t  8 c o do n s  o f  t he 
O t her m o d i f i c a t i o n s  o f  p B R3 2 2  
made i n  c on s t r uc t i n g  pMC 1 4 0 3  i n c l ude d e l e t i on s  t o  r em o v e  
p a r t i c u l a r  r e s t r i c t i o n s i t es a n d  add i t i o n s  o r  s ub s t i t u t i o n s  
t o  a d d  v a r i o u s  r e s t r i c t i on s i t e s t o  c e r t a i n  r e g i on s  o f  t he 
p l as m i d .  PZ l O O O  c o n s i s t s  o f  t he pMC 1 4 0 3  p l as m i d  b u t has i n  
add i t i on a n  app r Q x i m a t e 8 0 0  b as e  p a i r  r an dom y e a s t fr agm e n t  
down s t r e am f r om l acZ a n d  t he en t i r e L E U 2  g e n e  ups t r e am o f  
t h e l ac c om p l ex .  ( T . Z amb ) . A n  g � £ Q ! !  amp i c i l l i n r e s i s t an ce 
gene i s  a l s o  p r e s en t . The p l as m i d  i s  d e p i c t ed i n  F i gu r e  
1 9 .  I n  my r e s e a r ch ,  t he i n i t i a l s o u r c e  o f  pZ l O O O  D NA fo r � �  
£ �r�!i � ! � �  t r a n s fo rma t i o n  w a s  f r om g �  £ Q! i s t r a i n  MC 1 0 6 6 
g r own o n  amp i c i l l i n c o n t a i n i n g  LB  med i um . The a n t i b i o t i c  
was i n c l u d e d  i n  t he g r ow t h  med i um t o  s e l e c t  f o r  c e l l s  
c a r r y i n g  t he p l as m i d  b u t  n o  a t t emp t was made t o  d i r e c t l y  
s e l e c t  f o r  t h e  l ac o p e r on o r  f o r  L E U 2 . P l asm i d  D NA s o  
ob t a i n e d  was t he n  u s e d  t o  t r ans fo rm two l e u  y e a s t s t r a i n s , 
AH2 2 an d S S U l O .  T r an s fo rman t s  were s e l e c t ed b y  g r ow t h  o n  
r e gen a gar wh i c h c on t a i n s n o  l eu c i n e . P r o t o t r o ph s  w e r e  
9 8  
+ 
ob t a i n e d  b u t  n on e  t e s t ed l a c  b y  the b e t a- ga l a c t o s i da s e 
as s ay p r o c e d u r e  us i n g  i n d i c a t o r  agar . 
The L E U 2  g e n e  was , as i n d i c a t e d  ab o v e , s e l e c t ed a s  
t he yeas t t r a n s f o rmat i o n mar k e r  i n  th i s  phas e o f  t he s t udy . 
Th i s  gen e when a s s o c i at ed w i t h 2 um c i r cu l ar D NA a s  i n  YE p l 3  
an d pZ l O O O has b e en f o un d  b y  o t he rs t o  t r a n s f o rm l e u2 yeas t 
+ 3 4 
s t r a i n s  t o  l e u w i t h an e f f i c i e n c y  o f  1 0  t o  1 0  
t r a n s f o rman t s  p e r  u g  o f  D NA ( 1 4 , 7 ) . Th i s  i s  s i m i l a r t o  t h e  
3 
1 . 0  x 1 0  t r an s f o rman t s  ob s e rv ed i n  t h e  p r e s e n t  r e s e a r ch . 
I n  add i t i o n t o  b e i n g  c h o s e n  fo r i t s h i gh t r a n s f o rma t i o n 
e f f i c i en c y , t h e  2 um a s s o c i at ed L E U2 g e n e  was a l s o  ch o s e n  
b e c au s e  o f  i t s ab i l i t y  t o  t r an s fo rm yea� t i n  b o t h t he s � ab l e  
i n t e g r a t i v e , a n d  t h e  l e s s  s t ab l e b u t  p l as m i d  r e t r i ev ab l e 
n o n - i n t e g r a t i v e f o rms ( 4 2 ) . The f i n a l  r a t i o n a l e  f o r  t he 
s e l e c t i on o f  t h i s  m a r k e r was t h e  av a i l ab i l i t y  o f  s ev e r a l  
s t ab l e  l e u y e a s t r e c i p i en t  s t r a i n s , n am e l y  A H 2 2 an d S S U l O . 
The AH 2 2  s t r a i n  c o n t a i n s  t wo d i f fe r e n t  mu t a t i o n s  i n  i t s  L E U 2 
- 1 0  
g e n e  a n d  has a r e v e r s i o n r a t e  o f  l e s s  t ha n  1 0  ( 4 2 ) . The 
S S U l O  s t r a i n  a l s o  ca r r i e s a s t ab l e l e u ma r k e r  ( Z amb , T . ) . 
TRANS FORMA T I ON O F  ��gBIB!gB!A gQL! FOR LAC OPERON W I TH 
PZ l O O O  
I t  w a s  a s s umed t ha t  l eu 2  yeas t t r an s fo rm a n t s  c a r r i e d  
t h e pZ l O O O  p l as m i d  a n d  t he r e fo r e pos s es s e d t h e l ac ope r o n . 
S i n c e  t h ey s u rp r i s i n g l y  t e s t e d o u t  n e ga t i v e  f o r  b e t a-
ga l ac t o s i das e ,  i t  was n e c e s s a r y  t o  go b ac k  an d c he c k  t h e 
p l a s m i d  t r an s f o rm i n g  p r i n c i p l e  f o r  t h e  l ac o p e r on . Th i s  was 
9 9  
F i g .  1 8 . P l a s m i d  YE p l 3  w i t h  t he 6 , 9 2 5  b as e  p a i r  l ac 5  s e gmen t -
� 
l i nk e r  c omp l ex i n s e r t e d  i n t o  t he B amB I r e s t r i c t i o n 
s i t e . B as es i n d i c a t e d w i t h r e d  r e p r e s e n t l i n k e r  
D NA , b a s e s  i n  g r e e n  i n d i c a t e  l ac 5  D NA s e gm e n t ,  and 
b as e s in  b l a ck rep res e n t  YE p l 3  D N A . 
r r 
Amp amd t e t 
r ep r e s e n t  amp i c i l l i n an d t e t r ac y c l i n e  r e s i s t an c e  
g e n e s  r e s p e c t i v e l y . The yeas t l e uc i n e g e n e  i s  
l o c a t e d  w i t h i n  t he YHp l 3  s e quen c e . 
1 0 0  
1 0 1  
F i g .  1 9 . D i a g r a• o f  p Z l O O O  p l as m i d . T h i s  p l as m i d  was 
r 
d e r i v e d  f r om a pMC 1 4 0 3  p l asm i d .  Amp r e p r e s e n t s  
a n  amp i c i l l i n  r e s i s t an c e  gen e . l ac Z ,  Y an d A are 
e x p l a i n ed i n  t e x t . L e u 2  r e p r e s e n t s  t he yeas t 
l e u c i n e  g en e . 
1 0 2  
done b y  t ran s fo rm i n g  l ac � �  g Q ! !  s t r a i n s  w i t h  t h e  p l as m i d  
and p l a t i n g o u t  t he t r ans fo rman t s  o n  X G  a g a r . Lac 
+ 
t ran s f o rman t c o l on i es d i d  appear h e r e  i n d i c a t i n g  l ac was 
i n de e d  p r e s e n t  in t he p l as m i d . 
M y  s t udy i s  n o t  t he o n l y  o n e  whe r e  t h e  l ac o p e r on 
has b e e n  u t i l i z e d , r e fe r  t o  ( 6 ) f o r  a p a r t i a l  r e v i ew .  
S ome i nv es t i ga t o r s  ( 5 , 1 3 ) have u s e d  t he Z g e n e  o f  t h e  l a c 
1 0 3  
ope r o n  a s  an i n d i c at o r  o f  o t he r  genes . I n  t he s e  s t ud i e s t �e 
Z gene p r o d u c e d  o r  d i d  n o t  p r o du c e  b e t a ga l ac t os i da s e  when 
fus i o n s , de l e t i o n s , or D NA r e a r ran gemen t s  had t aken p l ac e . 
TRANS FORMAT ION O F  YE AS T FOR LAC OPERO N  W I TH PZ l O O O  
P l as m i d  D N A  f r om a pZ l O O O  t r an s f o rmed � �  g Q ! !  s t r a i n 
p o s i t i v e fo r b e t a - ga l ac t o s i das e was us e d  t o  t r an s f o rm AH2 2 
an d S S U l O  yeas t s t r a i ns . S e l e c t i on f o r  t r a n s f o rman t s  was o n  
med i um l ac k i n g  l e uc i n e . S o•e o f  t he t r a n s fo rm a n t s  ob t a i ned 
were f o u n d  to  p o s s e s s b e t a- ga l ac t o s i das e i n d i c a t i n g  t he y  
ca r r i e d t h e l ac o p e r o n , s uppos e d l y  i n  t he pZ l O O O  p l as m i d .  
The r a t e  o f  p l as• i d  t ran s fo rma t i on i n  yeas t i s  
s omewha t d e p e n d e n t  o n  t he fo rm o f  t he p l as• i d  D N A  m o l e c u l e , 
w i t h i n c r eas i n g  t r ans f o rmat i on e f f i c i en c y  l i n k e d  t o  t h e  
l i n e a r  f o rm ( 4 3 ) . Th i s  m i gh t  exp l a i n  t h e  p r e s e n t  f i n d i n gs 
+ 
whe r e  s om e  l e u  pZ l O O O  t r ans fo raan t s  w e r e  l ac . B r o ken 
l i n e a r i z e d  D NA m o l e c u l e s  may have b e e n  t ak e n  u p  by t h e  yeas t 
ce l l s he re a n d  a l t h o u gh ab l e  t o  c o de fo r 8 - i s o p r o p y l m a l a t e  
dehydr o ge n a s e ( LE U 2  gene p r odu c t ) t hey • i gh t  n o t  have b ee n  
ab l e  t o  s u c c e s s fu l l y  c o d e  f o r  b e t a g a l ac t os i das e . The r a t i o  
+ 
o f  b e t a- g a l ac t o s i da s e  p o s i t i v e  yeas t t r an s fo rman t s  t o  l e u  
t r an s f o rm an t s  w a s  n o t  d e t e rm i n e d , howev e r , a l l y e as t  an d 
b ac t e r i a l  t r a n s f o rma t i o n c o n t r o l p l a t es w e r e  n e g a t i v e . 
A 3 1 , 4 0 0  b as e  p a i r LAC 5  c on t a i n i n g  p l as m i d  
des i gn a t e d G l 0 . 5 3 . l ac was made b y  J .  P an t h i e r e t  a l l ( 5 9 ) . 
Th i s  p l as m i d  a l s o  had a URA3 s e quen c e  ( o r i g i n a l l y  a l ow 
t r ans fo rma t i o n f r e que n c y  ge ne ) as s o c i a t e d w i t h  a 2 um c i r c l e 
D NA f r a gme n t i n s e r t e d  i n t o  an E c o R I  s i t e .  P an t h i e r foun d 
+ 
c o l o n i e s o f  yeas t p ro d u c i n g b e t a- ga l ac t o s i da s e amo n g  ura3  
t r an s fo rm a n t s . The b e t aga l ac t os i das e p r o du c i n g  y e as t , 
howe v e r , had a l ow l e v e l  o f  p l as m i d  e x p r es s i o n an d p r o d u c e d  
o n l y  ab o u t  3 0  a c t i v e  b e t agal a c t o s i da s e m o l e c u l e s p e r  y e as t 
c e l l .  I n  c omp a r i n g  t he b e t a- g a l ac t o s i da s e s  p r o d u c e d  b y  
G l 0 . 5 3 l ac t r an s f o rm e d  y e as t  an d � �  £ Q ! ! , P a n t h i e r s howe d  
t hat t he t w o  e n z ymes we r e  i den t i c a l  e l e c t r o p h o r e t i c a l l y ,  
i mmun o l o g i c a l l y  an d i n  t he i r  s e d i men t a t i on b eh a v i o r i n  t h e  
u l t ac e n t r i fuge . 
O n e a i m  i n  •Y a t t emp t t o  c on s t r u c t  a l ac p l as m i d  
1 0 4 
c omp l ex was t o  k e e p  i t  as sma l l as p o s s i b l e . T h e  r e as on f o r  
t h i s  was t o  i n c r e as e  t h e  p l asm i d s av e r a g e  c op y  n umb e r  p e r  
c e l l  a n d  t he r eb y ho p e fu l l y  i n c r e as e  l e v e l s  o f  b e t a ­
g a l a c t o s i da s e . A r e l a t i on s h i p b e tw e e n  s m a l l p l as m i d  s i z e  
a n d  h i gh e r  c o p y  n umb e r s has gen e r a l l y b ee n  f o u n d  ( 5 0 ) . The 
p l as m i d  l ac c om p l ex e nv i s i on e d  in •Y r e s e a r c h  w ou l d  hav e 
c o n t a i n e d  1 7 , 6 2 5  b as e  p a i r s . B e s i d e s  hav i n g  a b e n e f i c i a l  e f fe c t  
1 0 5  
upon c o p y  n umb e r s i t  a l s o  s e em e d  po s s i b l e  t ha t  a s ma l l e r p l as m i d  
wou l d  hav e a g r e at e r  chan c e  o f  b e com i n g  c h r om o s oma l l y 
i n c o r p o r a t ed i n t o  t he yeas t c e l l  genome . Th i s  may have fu r t he r  
i n cr ea s e d  ex p r e s s i on o f  l ac .  
S UMMARY AND RBCOMMB ND A T IONS 
L amb da s t r a i n  C l 85 7 S 7  l ac5 was g r own o n  � �  £Q! ! Y ­
me l fo r l ar ge s ca l e  p r oduc t i o n  o f  t he v i rus g e n ome . 
C ompar i s o n s  made b e t w e en r e s t r i c t i on f r a gm e n t s  o f  C l 85 7 S 7  
l ac5 a n d  C l 85 7 S 7  D NA s ep a r a t e d  b y  aga r o s e  g e l 
e l ec t r o p h o r e s i s  demon s t r a t ed t ha t  l ac 5  was i n de e d  p r e s e n t  i n  
t he C l 8 5 7 S 7  l ac 5  genome . Lac5 s e par a t i o n from t he C l 8 5 7 S 7  
l ac5 gen om e  w a s  accomp l i s hed w i t h H i n d l l l .  H i n d i i i  c u t  t h e  
ge nome i n t o  7 fr a gmen t s  and o n e  o f  t he s e , a 2 5 , 7 3 7 b a s e  p a i r  
p i e c e , c on t a i n e d l ac 5 . Th i s  f r a gmen t was p u r i f i ed and 
c o n c e n t r a t ed and s e r v e d  as a s ub s t r a t e  f o r  s i z e  r e d uc t i o n by 
KPN I . T h e  p u r p o s e  was t o  ob t a i n  a l ac 5  f r a gm e n t  w i t h  l e s s  
e x t ran e ous D N A . The r e s u l t  was a 6 , 9 2 5  b as e  p a i r p i e c e  o f  
D NA c on t a i n i n g  l ac 5 . Th i s  was s ep a r a t e d  f r om o t h e r  
fragme n t s  b y  a g a r o s e ge l e l ec t ro pho r e s i s . T h e  3 '  
o v e r l ap p i n g  en d o f  t h e  6 , 9 2 5  b as e  p a i r  f r a gm e n t was r emov ed 
by T -4 D NA p o l yme ras e  exon uc l e a s e  ac t i v i t y .  T h e  5 '  
ov e r l ap p i n g  e n d  was f i l l e d i n  w i t h n uc l e o t i de s  us i n g  t h e  
po l yme r i z i n g a c t i v i t y o f  D N A  po l ymeras e I ( K l e n ow f r agme n t ) . 
The p u r p o s e  o f  t r e a t i n g  t h e  o v e r l ap p i n g  e n d s  was t o  ob t a i n  
b l un t  e n de d  l a c 5  for  l i n k e r i n g . L i n k e r D N A  f r a gme n t s  
( de c ao l i go n u c l e o t i d es ) w e r e  5 '  e n d  pho s p h o r y l a t e d us i n g  T -4 
p o l y n u c l e o t i de k i n a s e . P ho s p ho ry l at e d  l i n k e r  D N A  was 
t r e a t e d  w i t h T -4 D N A l i g as e t o  a s c e r t a i n  t he am oun t o f  
b l un t e n d l i g a t i on t h a t  h a d  o c c u r r e d  w i t h  t h e  v i r a l  e n z yme . 
O n c e  l i g a t i on w a s  c o n f i rmed t hr o ugh s e l f  l i g a t i o n o f  t he 
l i n k e r s , t h e  b l un t  e n d e d  6 , 9 2 5  b a s e  p a i r f r a gm e n t was 
l i n k e r e d  t o  t he dec ao l i go n uc l e o t i de in a s i m i l a r man n e r .  
The r es u l t i n g  l i n k e r e d  l ac5 f r a gmen t was r e s t r i c t ed w i t h  
B amB I t o  p r o duc e ov e r l app i n g  e n ds s u i t ab l e f o r  i n s e r t i o n 
i n t o  t h e  p l as m i d  v e c t o r  YE p l 3 . U n fo r t un a t e l y  t h e  
p r e p a r a t i o n w a s  l o s t  a t  th i s  s t a ge . 
The p l as m i ds YB p l 3  an d pZ l O O O  amp l i f i e d and n o t  
amp l i f i e d ( us i n g  �� £ Q !! s t r a i n s HB l O l  MC 1 0 6 6  an d C S H 1 8 )  b y  
ch l o r amphen i c o l  w e r e i s o l at e d i n  s u ff i c i en t  q u an t i t y  f o r  
b ac t e r i a l  t r a n s fo rmat i o n . A s e parat e p l as m i d  p u r i f i c a t i o n 
t o  en han c e  t h e  r at i o  o f  c o v a l en t l y  c l o s e d  c i r cu l a r  D N A  was 
a l s o  pe r f o rmed o n  YE p l 3 . The p l asm i d  p r e p a r a t i o n s  we re 
r es t r i c t e d a n d  t h e  f r a gme n t s  s ep a r a t e d  by ag a r o s e _ ge l  
e l e c t r o p h o r e s i s  f o r  i de n t i f i c a t i o n and q u an t i f i c a t i on 
p u r p o s e s . 
YB p l 3  an d pZ l O O O  we r e  us ed t o  t r a n s f o rm v a r i ous � �  
£ Q!! s t r a i n s  s o  a s  t o  s t udy c ha n ges i n  p h e n o t yp i c  r e s p o n s e  
b r ought ab o u t  b y  p l as m i d  D N A  p r e s en c e  a n d  t h e r eb y  v e r i fy 
p l as m i d  ge n e  fun c t i o n . No d i f fe r e n c e s  we r e  f o u n d  b e tween 
ch l o r amphen i c o l  amp l i f i e d and n o n  amp l i f i e d p l as m i d  
p r epa r a t i o n s  f r om �� £Q!! and � � £�� �Y!�!�� · P he n o t yp i c  
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an a l ys i s  o f  v a r i o us � �  £Q! ! s t r a i n s t r a n s fo rm e d  w i t h YE p l 3  
and p Z l O O O  demo n s t r a t e d t ha t  t he s e  p l as m i ds h a v e  fun c t i o n a l  
p r omo t o r s  a n d  m a r k e r  gen e s  a n d  i n  t h e  c a s e  o f  p Z l O O O , a 
fun c t i o n a l  l ac o p e r o n . YEp l 3  and pZ l O O O  w e r e  a l s o  u s e d  t o  
t r an s fo rm t w o  � �  £�r�Yi!!�� l eu c i n e  aux o t r op h s , AH2 2  and 
S S U l O . An a l ys i s  o f  the two t r an s fo rm e d  y e a s t s t r a i n s  
i n d i c a t ed t h a t  t he y  c a r r i ed t he p l as m i ds and t h e p l as m i ds 
had fun c t i on a l  ye a s t  p r o•ot o r s , l eu m a r k e r s  and fo r pZ l O O O , 
an ac t i v e  b ac t e r i a l  l ac o p e r o n . P r o t o t r o ph i c  i n dus t r i a l  
yea s t s t ra i n s  w e r e  a l s o  e x po s e d  t o  Y E p l 3  an d p Z l O O O  b ut n o  
l ac t r a n s fo rman t e  w e r e  r e c o v e r e d . 
E xp e r i en c e  g a i n e d f r om t he yeas t s t u d i es i n d i c a t e d  
t ha t  i n d i c a t o r  a g a r  ( p age 3 4 ) s hou l d  n o t  b e  us e d  i n  t h e 
+ 
fut u r e  fo r de t e c t i n g  yeas t l ac t r a n s fo r man t e  b u t t ha t  
i n s t ead i t  s ho u l d  b e  r ep l ac e d b y  s en s i t i v e  b l u e  a g a r . 
F o r  t h e  t r ans f o rma t i o n o f  i n dus t r i a l  y e as t s t r a i n s 
wh i c h as a r u l e  a r e  n o t  aux o t r op h i c ,  a m e t ho d  o f  s e l e c t i on 
d i f f e r e n t f r om t ha t  us e d  i n  my r e s e a r c h  i s  n e c e s s a r y . 
S e l e c t i on o f  t r an s fo rman t s  from amon g a p o pu l a t i o n o f  
p l as m i d  t r e a t e d ce l l s b a s e d  o n  b e t a - ga l ac t o s i da s e  p r oduc t i o n 
i s  un l i k e l y  b e cau s e  mos t o f  t h e  c e l l s  a r e  n o t  
t r a n s fo rme d . Th es e n o n t r a n s fo rmed c e l l s a r e  n o t  s e l e c t e d 
aga i n s t  an d t e n d  t o  o v e r g r ow and t h e r e b y  mas k  any 
t r ans fo rman t s  t h a t  may b e  p r e s e n t . F u r t he rmo r e , t yp i c a l  
b ac t e r i a l ma r k e r s  s u c h  a s  t h e  Amp an d T e t  r es i s t an c e  genes 
o n  pB R3 2 2  a n d  YE p l 3  p l asm i ds a r e  of n o  v a l u e f o r s e l e c t i o n 
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o f  t r an s f o rman t s  am o n g  e uk a r yo t i c  ce l l s b e c au s e t he y  a r e  n o t  
exp r e s s � d . T he r e  has b e e n  p r e l i m i n a r y  r e s e a r c h a t  t h e  
U n i ve rs i t y  o f  W i s c o n s i n  wh i c h a d d r e s s e s t h i s  t r a n s fo rm a n t 
s e l ec t i on p r ob l em and o f f e r s  p r om i s e  ( 2 6 ) . T h i s  r e s e a r ch 
focus e s  o n  an a n t i b i o t i c  ( G4 1 3 )  wh i c h w h e n  i n  p r o p e r  
c on c en t r at i on i n h i b i t s  m a n y  p r ok ar y o t i c  a n d  e uk a r yo t i c  c e l l s  
b u t  i s  i n a c t i v a t e d b y  a p l as m i d  c o d e d  e n z yme wh i c h 
p ho s p h o r y l at es t he an t i b i o t i c . 
A n o t he r  app r o ach wh i ch w o u l d  a l l ow f o r t h� s c r e en i n g  
o f  t r an s fo rman t s  f r om n o n  t r ans fo rman t s  w o u l d  b e  t o  u s e  
aux o t r o p h s  f o r t r an s fo rm a t i on . Thes e s t r a i n s  a r e  n o t  n ow 
a v a i l ab l e ,  howe v e r , a n d  wou l d  f i r s t  have t o  b e  ob t a i n ed b y  
mu t a g e n e s i s . S u ch mu t an t s  wou l d  have t o  p o s s e s s  a 
c h r omo s om a l m u t a t i o n i n  t he s ame gene c a r r i e d b y  t h e p l as m i d  
( e g l e u 2  g e n e ) .  The r e  a r e  s e v e r a l  d r awb a c k s  t o  t h i s  
a p p r o ach ( A ) m o s t i n dus t r i a l yeas t s t r a i n s  a r e  p o l yp l o i d 
mak i n g  i t  u n l i k e l y  t h a t  mu t at i on s  c o u l d  b e  c r e a t e d  
s i mu l t a n e ous l y  a t  t he v a r i o us l o c i  o f  t h e s am e  ge n e  ( B )  each 
yeas t s t r a i n  so  ob t a i n e d s h ou l d  have 2 s t ab l e  p o i n t  
mu t a t i o n s  ( a  d o ub l e  mu t a t i o n )  i n  e ach g e n e  us e d  f o r  
s e l e c t i on t o  e n s u r e  a l ow r e v e r s i on f r e qu e n c y  ( 4 3 ) , an d ( C )  
aux o t r o p h i c  i n du s t r i a l  s t r a i ns may l o s e  s ome o f  t h e i r  g r ow t h  
p o t en t i a l , f e c u n d i t y  a n d / o r  a l coho l p r o du c i n g · e f f i c i en c y  
a f t e r  auxo t r o p h i c  p r o d uc i n g  mu t a genes i s . 
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